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Wood is the only reproducible natural resource, and it must.be pre-
served against unwanted deterioration. Especially, the decay of wood
by fungi has become more and more important problem during the last years.
The more the economic importance of wood losses due to decay by fungi
increases, the more consideration must be given to methods of preserv-
ing wood through a better understanding of the organisms.
The correlation between fungi and decay in wood had been noticed
from antiquity, but it was not until the second half of the last century
that a group of the Basidiomycotina and a small group of the Ascomycotina
. 1 f d . d 56)were generally recogn1zed as the causa agents 0 ecay 1n woo .
These organisms were divided by Cartwright et al. 24 ) in 1931 into two
groups, the brown rot fungi and the white rot fungi, according to the
way in which the cell wall materials of wood were broken down. The idea
was prevalent for the first half of the twentieth century that decay of
wood was normally due to one or the other of these two groups of organisms.
A particular type of fungal decay commonly called "soft rot" afterwards
was not generally recognized in spite of a series of observations made
between 1850-1950. Findlay and savory44) firstly demonstrated that the
deterioration of timbers in cooling towers, which had been explained as
only chemical phenomena, was in fact caused by a number of microfungi,
i.e. members of the Ascomycotina and some Deuteromycotina. The term
103)
"soft rot" was coined by Savory on account of the softening produced
in the surface layers of wood by the action of these fungi. Following
1
their work it became currently accepted that this type of decay occurred
in vastly varying situations, particularly in wood with high contents
of water such as that in cooling towers, greenhouses, quays, poles in
moist ground, etc. Stored pulpwood chips have also proven to be seriously
. 21)
attacked by this type of organ~sms .
In 1931, mode of action of soft rot fungi was first studied in
. 7)
detail by Ba~ley and Vestal They confirmed the existence of cylin-
drical cavities in the secondary cell walls, and noted that the conical
ends of the cavity had a remarkably common appearance in a variety of
timbers. k d th '"1 b . 9) d d' h'Their war an e S1~ ar a servat10n rna e ur~ng t ~s
Comparisons of the
period were hardly realized to be important in the problem of wood decay
as a whole. Since the establishment of soft rot type of attack in 1950
44 )
a number of papers 31 ,32,37,38,40,83,104) published in the 1950's and
1960's described the histology of soft rot attack, and presented the
lists of fungi having the ability to introduce soft rot in hardwoods or
softwoods in pure culture.
Microscopically, soft rot is generally quite different from either
a white rot or a brown rot. Soft rot has been characterized by the pres-
ence of distinct elongated cavities within the middle layer of the sec-
ondary wall of fibres, tracheids and vessels83 ) .
properties of soft rot with the brown- and white rots have also been made
on the chemical- and mechanical properties of wood undergoing fungal
attack. Chemical analysis of soft-rotted beech wood by Savory and Pinion
105)
showed carbohydrate depletion with little lignin attack. That is
the characteristic chemical situation of brown-rotted wood. The gradual
2
increase in alkali solubility of 50ft-rotted wood is more analogous to
white rot than to brown.rotlOS ). The effect of a 50ft rot fungus,
Chaetomium globosum, on the impact resistance of beech wood was compared
by Armstrong and Savory4} with that of white rot- and brown rot fungi.
These results suggest that 50ft rot of beech by C. globosum is more
closely comparable to a white rot than to a brown rot. However, changes
in other strength properties of wood caused by 50ft rot fungi have not
been studied yet in detail.
So far as the past evidences indicate, softwoods do not seem to be
as readily attacked by soft rot fungi as are hardwoods. Although Savory
103) d 37)
an Duncan suggested that the higher content of lignin in soft-
woods was the main agent for the higher resistance of softwoods to soft
rot fungi, none has yet proved entirely enough. An apparent wood pref-
erence has also been found for many of the brown rot- and white rot
fungi. Brown rot fungi are associated most frequently with decay of
softwoods and white rot fungi with decay of hardwoods. This dominant
tendency has also not been fully explained yet.
Another series of investigations have proven that soft rot fungi
are often more tolerant to fungicides than are wood-decaying Basidiomy-
cotina37 ) , and that it is difficult to obtain the required fixation of
129)
the preservatives in the secondary cell wall ,where the soft rot
fungi are able to grow. However, ecological studies on soft rot fungi83 )
revealed that they are of economic importance only when lack and excess
of moisture or low dosage of treating preservatives inhibits the growth
of the more vigorous Basidiomycotina. soft rot fungi may also act as a
3
precursor of the wood-decaying Basidiomycotina in the deterioration of
83)
wood in ground contact .
Much remains to be done to achieve a better understanding of the
nature of soft rot fungi. Particularly, the possible preference of soft
rot fungi for hardwoods has aroused a considerable interest. Work along
these lines could well throw light on the chemistry and biochemistry of
wood decay, and on new ways of rapid disposal of wood waste by fungi.
Numerous species of fungi have been recorded as having the ability
to induce soft rot in wood in pure culture. However, there have been
conflicting reports as to the ability of fungal species to produce soft
rot other than Chaetomium globosum. C. globosum was known to be a mem-
ber of cellulolytic fungi which were important agents in the decomposi-
tion of paper, cotton and herbaceous plant materials. Since the fungus
103)
was demonstrated by Savory as an important soft rot fungus occurring
in cooling tower, many strains of the fungus have been isolated from
vastly varying situations by several workers 37 ,38,44,103). Furthermore,
inferring from the past data, C. globosum seems to have the highest
ability to degrade wood among soft rot fungi recorded. Therefore, C.
globosum was used as a sale species of soft ratter in the present in-
vestigation.
The Objects of the present study are three:
1) to obtain informations on the effect of C. globosum on the physical-
and chemical properties of wood, for accomplishing a better understand-
ing of the mechanisms of wood degradation by soft rot fungi, 2) to ex-
amine whether softwoods and hardwoods differ in their susceptibility to
4
c. globosum, and if the difference is found, 3) to demonstrate which
factors are more responsible for the difference in susceptibility.
In Chapter 1, the composition of the medium and the size of the
wood block employed throughout the accelerated decay tests in the pres-
ent investigation are firstly discussed. In Chapter 2, changes in
strength properties and infrared spectra of soft-rotted wood are compared
with those of white- and brown-rotted woods. Utilization of carbohy-
drates by C. globosum is also described in the chapter. Results of the
decay resistance tests for various wood species against C. globosum are
mentioned in Chapter 3. Descriptions on the effects of some biological
and chemical pre-treatments of wood on the wood-decaying capacity of the
fungus are given in Chapter 4. Finally, in Chapter 5, removal of lignin
from non- and partially delignified woods by C. globosum is investigated,
and the role of lignin in different decay resistance of wood against the
fungus is discussed together with the results obtained in the preceding
chapters.
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CHAPTER 1 ANALYSES OF TESTING CONDITIONS PROVIDING A HIGHER
WOOD-DECAYING CAPACITY OF CHAETOMIUM GLOBOSUM
The wood-decaying capacity of fungi, which is expressed mostly as
the weight loss of wood specimen and occasionally as the retaining
strength of wood in accelerated laboratory tests, often varies greatly
with testing conditions. Although a great deal of experiment has been
attempted to make the decay tests more reproducible and more reliable,
no completely satisfactory test has been devised. However, as a means
of understanding how wood preservatives function and how woods resist
against fungal attack, several techniques have been standardized by an
official agency of country. In Europe, the agar-block test has been
used and specified in British Standard 838 and German Standard Din 52176.
In North America and Australia, the soil-block test as outlined in AWPA
Standard M 10-63 or ASTM Standard D 1413-61 is most widely used. In
Japanese Standard, established as JIS Z 2119 i-n -1963, the sand-block
test is adopted. Peptone-Malt Extract medium has been designated in this
standard, but arguments are not yet decided on the concentration of
carbon- and nitrogen sources in the medium.
Many investigators25 ,27,34,41,43,45,SO,62,88,139,140) h . d" d
ave ~n ~cate
several factors that are responsible for the great variation of the data
wood species, fungal species, uniformity of test blocks, size of test
blocks, setting of test blocks, temperature, test period, composition
of medium, etc.
Test methods for soft rot fungi have not developed more than those
6
for sasidiomycotina fungi. For some of the tests a nutrient agar or
39)
soil is used as a substrate for growing of the fungus . In Europe,
. 1" 63)blocks are sometimes buried in soil or in soil mixed with vermacu 1te .
The aim of this study is two: 1) to examine whether the Japanese
Standard described above is applicable to test for a soft rot fungus,
Chaetomium globosum Kunze, and 2} to find an appropriate composition of
culture medium and an adequete size of test blocks which give a higher
wood-decaying capacity of the fungus.
Effect of several factors which affect on the rate of wood decay
is usually estimated by a classical combination method. In this method,
the effect of a given factor could be estimated only when the other fac-
tors are equally fixed to a certain level. Although the results obtained
by the method seem to be plausible, it is uncertain whether they never
fluctuate under the different experimental conditions. Hence, repro-
ducibility and reliability of the results are not always guaranteed by
other laboratories. Long-term and expensive experiments are required
to make the preciser estimate.
Design of experiment has been often introduced to investigate the
reliable estimation of factorial effect more efficientlySO,SI) _ Char-
t . t' f th th d 112) d· .ac er1S les 0 e me 0 are : ran om1zat10n of order of experiment,
orthogonal layout of experiment, quantitative evaluation of factorial
effect, and improved data-analysis.
In this chapter, analyses of the results of the two experiments by
design of experiment are described.
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· 114)1-1 Experiment I using peptone-Malt Extract Medlurn
Materials and Methods
Experiment I was carried out on four experimental factors with three
levels using two wood species. These factors are : size of test block,
fungal species, amount of peptone and amount of malt extract.
Test blocks were prepared from the sapwoods of Fagus c~enata Blume
and CryptomePia japonica D. Don. The sizes of test blocks are: 1.5
(tangential) x 1.5 (~adial) x 3.0 (longitudinal), 1.0 (t) x 1.0 (r) x
2.0 (I), and 0.5 (t) x 0.5 (r) x 1.0 (l) (em). Test blocks will be
called hereafter as "large" block, "middle" block and "small" block,
respectively, according to the order of above size. Chaetomium globosum
Kunze (IAM* 8059) was used as a test fungus. For comparison, a white
rot fungus, CoPiolus versicolor Quel. (FES** 1030), and a brown rot fungus,
Tyromyces palustris Murr. (FES 0507) , were used. Both fungi are desig-
nated as test fungi by JIS Z 2110-1963. Concentrations of peptone (Kyokutc
Seiyaku, Japan) are:O.l, 0.3 and 0.5 (%). Concentrations of malt extract
(Difco Laboratories, USA) are: none, 0.75 and 1.5 (%). Elemental analy-
ses of these materials are shown in Table 1.
The nine experiments were laid out according to the orthogonal table
L9(3~) as shown in Table 2.
The decay test was carried out by the sand-block method. Cylin-
* Institute of Applied Microbiology, University of Tokyo, Japan.
** Government Forest Experiment Station, Tokyo, Japan.
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drical glass bottles (9 ern in diameter and 16 em in height), containing
350 9 of quartz sand (ca. 30 mesh, Nakarai Chemicals, Japan) and 120 ml
of nutrient solution, were screwed with metal caps. The bottles were
autoclaved and inoculated with test fungi which had been previously
allowed to cover the surface of the medium before the test blocks were
inserted. Blocks were put in contact with the mycelial mat at radial
surface. Two bottles which contained three blocks in each were used in
Table 1. Elemental analyses of peptone and malt extract
used in Peptone-Malt Extract Medium.
C (%) H (%) N (%)
Peptone 39.96 6.32 11.56
Malt extract 40.25 6.68 0.78
Table 2. Layout of Experiment I using Peptone-Malt Extract Medium.
A B C D~ MaltPeptone ( %) ex- FunguS* Test block**No tract (%)
1 0.1 none P small
2 0.1 0.75 V middle
3 0.1 1.5 G large
4 0.3 none V large
5 0.3 0.75 G small
6 0.3 1.5 P middle
7 0.5 none G middle
8 0.5 0.75 P large
9 0.5 1.5 V small
* P: Tyromyces paLustris, V: ConoLus versicoLor, G: Chaetomiwn
globoswn.
** small: 0.5 x 0.5 x 1.0, middle: 1.0 x 1.0 x 2.0, large: 1.5 x
1. 5 x 3. a (em).
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each series of experiment. The composition of the nutrient solution is
as follows:
KHzP0 4 3.0 g, MgS0407HzO 2.0 g, glucose 25.0 g, peptone, malt ex-
tract and distilled water 1000 mI.
The weighed test blocks were sterilized by fumigation with propyl-
ene oxide, and then exposed to fungi. The temperature was maintained
at 28 D C throughout five different incubation periods of 12-, 24-, 36-,
48- and 60-days. The decayed blocks were cleaned of mycelium and dried
to constant weight in an oven at 65°C. After calculation of the loss
of weight by decay, the decayed blocks were put to the test of compres-
sive strength parallel to the grain. The test was made by a Shimadzu
REH-IO multi-purpose testing machine following the JIS Z 2111.
Results and Discussion
Analyses of variances were calculated from the data obtained here
according to the procedure of F-distribution, and the results are shown
in Tables 3 and 4. Figs. 1-4 show the effect of each factor graphically.
Solid- and dotted lines on the figures represent the cases of signifi-
cance and no significance, respectively.
All of the four factors were significant in most cases of experi-
ments including two species of wood, five different incubation periods,
and two measurements of weight loss and compressive strength. Factor C
(fungal species) showed the highest contribution, since C. globosum
could not degrade both woods at all in all experimental conditions.




Table 3. Analysis of variance in Experiment I (Fagus crenata).
Incubation period (day)
Factor* 12 24 36 48 60
F p % F p % F P % F P % F P %
(Based on the loss of weight in wood after decay)
A 26.55*** 21.3 50.60*** 31. 8 300.40*** 15.3 634.44*** 14.2 1386.69*** 20.5
B 6.91*** 4.9 9.77*** 5.6 22.49*** 1.0 66.32** 1.3 566.99*** 8.1
C 47.19*** 38.1 45.65*** 28.6 754.57*** 38.7 2349.53*** 53.2 1896.59*** 28.2
D 2.27** 1.1 4.32** 2.1 727.55*** 37.3 911. 66*** 20.5 1732.28*** 25.8
e 34.7 31.9 7.7 10.8 17.4
(Based on the compressive strength of wood after decay)
A 7075** 6.6 107601*** 24.4 130467*** 20.0 205562*** 19.3 571061*** 32.8
B 10852*** 10.9 29916*** 6.1 6137*** 0.4 16241** 1.2 110364*** 5.7
C 7040** 6.6 73093*** 16.3 261859*** 40.7 624970*** 59.4 403364*** 23.0
D 25380*** 26.9 63544*** 13.8 81307*** 12.2 71363*** 6.5 64892*** 3.0
e 39.0 39.4 26.7 13.6 35.5
* A: Amount of peptone, 8: Amount of malt extract, C: Fungal species, D: Size of test block,
e: Error.
** Significant at 5 % level by F-distribution.
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Fig. 1. Effect of factors in Experiment I using Fagus crenata
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Fig. 2. Effect of factors in Experiment I using Fagus cre~ta




Table 4. Analysis of variance in Experiment I (Cryptomeria japonica) .
Incubation period (day)
Factor* 12 24 36 48 60
F P % F P % F P % F P % F P %
(Based on the loss of weight in wood after decay)
A 111. 27*** 33.7 75.83*** 14.3 122.90*** 10.5 106.74*** 9.0 1153.42*** 26.9
B 28.56*** 8.5 25.62*** 4.2 76.08*** 6.3 6.83 0.0 619.12*** 14.3
C 95.67*** 29.1 178.26*** 34.4 585.58*** 51.9 421.89*** 38.6 791.52*** 18.3
D 66.92*** 20.2 59.61*** 11.0 132.34*** 11. 3 34.69*** 2.2 1173.01*** 27.3
e 8.5 36.1 20.0 54.2 13.2
(Based on the compressive strength of wood after decay)
A 6682589*** 23.0 20450*** 12.4 37612*** 20.1 18281*** 8.7 159144*** 26.1
B 6687664*** 23.1 3913** 1.4 78 0.0 15863*** 7.5 68187*** 11.0
C 6696827*** 23.1 49129*** 31. 6 110894*** 64.8 103964 *** 52.6 230650*** 37.9
D 6678116*** 23.0 3749** 1.3 15322*** 6.5 3962** 1.4 84545*** 13.7
e 7.8 53.3 8.6 29.8 11. 3
* A: Amount of peptone, B: Amount of malt extract, C: Fungal species, D: Size of test block,
e: Error.
** Significant at 5 % level by F-distribution.
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Fig. 3. Effect of factors in Experiment I using Cpyptomeria japoniaa
(Based on the loss of weight in wood after decay). Dotted line

































1 12 day 2 24 day 3 36 day
SO.5 x O.5 X l.O
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Ll.5 x1.5 x 3.0
(cm)
4 48 day 5 60 day
Fig. 4. Effect of factors in Experiment I using Cryptomeria japonica
(Based on the compressive strength of wood after decay). Dotted
line represents the non-significance at 1 and 5 % levels.
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Medium to test for C. gZobosum, although fungal growth on the medium was
abundant at every experimental condition. The result supports previous
35 ,4 3 ) h h· h h f f . t . lyproposals t at 19 er growt rate 0 a ungus 1S no necessar1
accompanied with higher growth rate of wood decay. Consequently, sig-
nificant effects of other factors must be attributed mostly to the activ-
ities of the two Basidiomycotina fungi used, and contribution rates of
these factors might be greater unless C. globosum was used as a test
fungus.
Factor A (amount of peptone) was the next to Factor C for the cont-
ribution rate. Wood-decaying capacity increased with the amount of
peptone. As shown in Table 1, peptone was substantially the sole source
of nitrogen in the medium used. This suggests that decrease of the car-
bon to nitrogen (C:N) ratio brought the increase the rate of decay by
the two Basidiomycotina fungi used. Similar result was obtained by Levi
d 1 . 82) h· . d h ff f dd d· ( .an Cow 1ng , w 0 ~nvestlgate tee ect 0 a e n1trogen as caseln
hydrolysate) on the rate of decay of aspen sapwood by Polystictus vep-
sicoZop (Synonym of Coriolus versicoZop used in this experiment). In
the JIS Z 2119, the amounts of peptone, malt extract and glucose are
designated to 0.3 %, 1.5 % and 4.0 %, respectively. However, from the
results obtained here, it is concluded that modification of such a compo-
sition to decrease C:N ratio is required for obtaining the larger amount
of decay.
Factor D (size of test block) was the third in the contribution
rate. Higher wood-decaying capacity was observed as the dimentions in-
creased. This was more pronounced in F. crenata than in C. japonica.
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Factor B (amount of malt extract) was the last in order of the contri-
bution. The highest rate of decay was observed at 0.75 % of malt extract.
C. japonica was not readily attacked than was F. crenata. Poor
overall decay was evidenced in C. japonica even at 0.3 % level of peptone
which permitted the considerable amount of decay of F. crenata. This
suggests that higher amount of nitrogen should be provided for the in-
cipience of decay of resistant wood.
As to the incubation period, the longer, for example 48- or 60-day,
may be required to investigate the effect of each factor more precisely.
Difference among the three levels in each factor was not much evidenced
for the shorter periods of incubation.
Significance of factor determined by the compressive strength was
approximately the same to that by the loss of weight. In F. crenata,
however, contribution rate of error by the former was always slightly
greater than that by the latter. This means that some factors other
than the four factors may contribute more actively at the determination
of the compressive strength. They seem to be involved in the condition
of measurement, the uniformity of test blocks and the location of de-
struction in decayed blocks. However, the advantage of strength determi-
nation, as means of evaluating the wood-decaying capacity, was never
minimized by these unknown factors.
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1-2 . ". h d Ab d" 114)Experlment II uSlng Enrlc e rams's Me lum
Materials and Methods
Four experimental factors with three levels each were dealt in the
Experiment II using enriched Abrams's Medium. These factors are: sizeof
test block, wood species, amount of ammonium nitrate and kind of sugar.
Ammonium nitrate and sugar are the sole sources of nitrogen and carbon,
" 1 Ab d' 1) . f 2respectlvely. Origina rams's Me lum contalns 3 9 a NH 4N0 3 , g
of KzHP04, 2.5 g of KH2P04 and 2 g of MgS04"7H20 per litre of water.
103) "This synthetic medium was used by Savory together wlth several media
for the isolation of fungi from cooling towers. He showed that C. glo-
bosum caused the highest weight loss of beech blocks on Abrams's agar.
Nitrates are known to be excellent sources of nitrogen for many fungi,
although inability to utilize nitrates is especially common in some
groups, e.g., the higher Basidiomycotina, the Saplolegniales and Blasto-
1 d " 1 f M' . 30)c a la es a astlgomycotlna, etc . However, the effect of nitrate
concentration in the medium on the rate of decay has been little studied.
As described previously, mycelial growth on the whole surface of
medium prior to Subjecting test blocks to fungal attack has been recom-
mended for the successful performance of decay tests. Addition of sugar
as carbon source is essential for desirable abundant mycelial growth.
Test blocks were prepared from the sapwoods of Fagus crenata Blume,
ShoY'ea sp. commonly called "red lauan", and Pinus densifloY'a Sieb. et
Zucco The sizes of test block are the same as those in Experiment I.
Concentrations of ammonium nitrate are: 0.1, 0.3 and 0.5(%). Kinds of suga
19
are: D-glucose, D-xylose and D-mannose. Concentration of each sugar is
equally 2.0 %.
The nine experiments were laid out according to the orthogonal table
All the procedures involved in the decay test and the determination
of compressive strength are the same as those of Experiment I.
Table 5. Layout of Experiment II using Enriched Abrams's Medium.
A B C D~ CarbonNHI;N0 3 (%) Wood* Test block**No. source
1 0.1 glucose P small
2 0.1 xylose F middle
3 0.1 mannose L large
4 0.3 glucose F large
5 0.3 xylose L small
6 0.3 mannose P middle
7 0.5 glucose L middle
8 0.5 xylose p large
9 0.5 mannose F small
* P: Pinus densifloT'a, F: Fagus cT'enata, L: ShoT'ea sp.
** small: 0.5 x 0.5 x 1.0, middle: 1.0 x 1.0 x 2.0, large: 1.5 x
1. 5 x 3. 0 (em).
Results and Discussion
Analyses of variances were calculated similarly to Experiment I,
and the results are shown in Table 6. The effect of each factor is shown
in Figs. 5 and 6.




Table 6. Analysis of variance in Experiment II.
Incubation period (day)
Factor* 12 24 36 48 60
F P % F P % F P % F o % F P %
(Based on the loss of weight in wood after decay)
A 2.05 0.8 25.98*** 1.8 17.01** 0.8 207.13*** 7.3 161. 69*** 6.2
B 5.65** 3.1 2.13 0.0 1. 98 0.0 22.59*** 0.7 6.49*** 0.1
C 80.90*** 52.7 826.25*** 70.1 1021. 39*** 64.9 2021.84*** 74.3 2100.36*** 82.1
D 27.30*** 17.4 151.23*** 12.6 357.58*** 22.5 340.48*** 12.1 160.42*** 6.2
e 26.0 15.5 13.8 5.6 5.4
(Based on the compressive strength of wood after decay)
A 13207*** 1.4 8001 1.8 4001 0.4 3029 0.1 31014** 3.3
B 62675*** 10.7 64621*** 15.5 43021*** 7.3 4440 0.4 54986*** 5.8
C 41725*** 6.7 123855*** 29.8 363582*** 64.6 367229*** 63.5 631352*** 67.0
D 18392*** 2.3 24660*** 5.8 72897*** 12.7 47357*** 7.8 99388*** 10.5
e 78.9 47.1 15.0 28.2 13.4
* A: Amount of ammonium nitrate, B: Kind of sugar, C: Wood species, D: Size of test block,
e: Error.
** Significant at 5 % level by F-distribution.
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Fig. 5. Effect of factors in Experiment II (based on the loss of weight
in wood after decay). Dotted line represents the non-signifi-
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Fig. 6. Effect of factors in Experiment II (Based on the compressive
strength of wood after decay). Dotted line represents the non-
significance at 1 and 5 % levels.
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in either weight loss or compressive strength. Factor C (wood species)
showed the highest contribution rate, since C. globosum could not attack
substantially the test blocks of P. densif10ra and Shorea sp. The con-
tribution rates of other factors might be greater if more susceptible
species are used. The effects of Factor A (amount of ammonium nitrate)
and Factor B (kind of sugar) were not so much obvious. However, higher
amount of wood decay was obtained at 0.3 or 0.5 % of ammonium nitrate
and on the medium containing glucose or mannose. The compressive strength
of test blocks remained at higher level on xylose-containing medium.
Factor D (size of test block) was the next to Factor C for the order
of the contribution rate. "Small" blocks were attacked more severely
than others. The effect of size was remarkably pronounced in the com-
pressive strength. Similar results have been published recently by
68)Kerner-Gang , who investigated several factors influencing soft rot
testing in the vermiculite burial method. Decomposition rates of pre-
servatives-treated beech blocks were much higher for the smaller ones.
The contribution rate of error in the compressive strength was al-
ways greater than that in the loss of weight.
The results obtained here showed that forty-eight or sixty day's
incubation was required to investigate the preciser effect of each '-factor.
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1-3 Summary
To investigate the cultural conditions which allow the higher wood-
decaying capacity of soft rot fungus, Chaetomium gZobosum Kunze, the
effects of variations in amounts of carbon- and nitrogen sources, kind
of carbon source and size of test wood block were discussed, using the
Peptone-Malt Extract Medium and the enriched Abrams's Medium. Experi-
ments were laid out according to the orthogonal table in the "design of
experiment". Effects of these variations were estimated by the statis-
tical analysis of variance.
Non-availability of the Peptone-Malt Extract Medium for testing
C. gZobosum was undoubtedly evidenced. Modification of the medium to
decrease C:N ratio resulted in the larger amount of decay by Basidiomy-
cotina. Availability of the Abrams's Medium for C. gZobosum was con-
firmed here again. Addition of 0.3 % of ammonium nitrate was superior
to 0.1 % and equal to 0.5 %. D-Xylose as sale source of carbon was
slightly inferior to D-glucose and D-mannose. Smaller blocks were
attacked more severely than larger blocks by C. gZobosum, while the
reverse result was obtained for the Basidiomycotina used. Forty-eight
or sixty day's incubation was required to estimate the precisere£fect
of each factor and to yield more than 20 % of weight loss of -beech blocks
by C. gZobosum.
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CHAPTER 2 EFFECT OF CHAETOMIUM GLOBOSUM ON THE PHYSICAL-
AND CHEMICAL PROPERTIES OF WOOD
As described in Chapter 1, non-availability of the Peptone-Malt Ex-
tract Medium to decay test for C. gZobosum was strongly evidenced. This
suggests that wood-decaying capacity of this fungus is not exhibited in
a nutritional condition which is favorable to brown rot- and white rot
fungi. However, detailed study on chemical and physical effects of soft
rot fungi has not appeared yet in contrast with other wood-decaying fungi.
A soft rot fungus, C. gZobosum, resembles to brown rot fungi on the carbo-
hydrates depletion with little lignin attack, while that is more analo-
gous to white rot fungi on the gradual increase in alkali solubility of
105) 81)
rotted wood . Levi and Preston observed that DP (degree of poly-
merization) of the holocellulose during the attack of beech wood by this
fungus initially increased and then decreased gradually. This mode of
attack seems to differ from that of either brown rot fungi or white rot
f . h' h . d 1 . f th 33)ung1, w 1C cause a rap1 ass 1n DP a e total cellulose , or only
a gradual loss in Dp33). Cartwright et al. 24} found long ago that brown
rot fungi cause a more rapid drop in strength properties than do white
rot fungi. Although the reduction in impact bending strength was deter-
mined for soft-rotted wood by a few investigators4 ,8s) , degrees of reduc-
tion in other strengths have not been studied yet, and no comparison with
those for brown-rotted- and white-rotted woods has been made.
To obtain information On the characteristics of wood decay by soft
rot fungi, (1) ability of C. gZobosum to reduce the strengths of wood
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has been compared with that of white rot- and brown rot fungi, and (2)
infrared spectral changes in wood constituents during the attack by C.
globosum and (3) carbon nutrition of this fungus are investigated.
2-1
. US)Changes in strength propertles of wood on decay
Materials and Methods
Wood blocks
Wood blocks were prepared from the sapwoods of Fagus crenata Blume
and Cryptomerio japonica D. Don. The sizes of block are as follows:
(i) for the compressive strength parallel to the grain: 1.5 (t) x
1. 5 (r) x 3.0 (Z) (cm),
(ii) for the compressive strength perpendicular to the grain: 1.5 (t) x
1.5 (l) x 3.0 (r) (em),
(iii) for the static bending strength: 1.0 (t) x 1.0 (r) x l4.0 (Z) (em),
(iv) for the tensile strength parallel to the grain: illustrated in
Fig. 7.
For enhancing fungal attack at the central part, blocks for bending-
and tensile strengths were sealed with paraffin and paraffin-films on
their surfaces with the exception of central parts - 2.5 em length each
from the center and the portion (C) in Fig. 7, respectively.
Test fungi
In addition to a soft rot fungus, Chaetomium globosum Kunze (lAM
8059), a white rot fungus, Coriolus versicolor Quel. (FES 1030), and a
brown rot fungus, Tyromyces palustris Murr. (FES 0507) ,·were used as
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test fungi.
Fig. 7. Size of the tensile test wood block exposed to the fungal attack.
(A): Cross sectional area 1.5 x 0.85 em2 , length 5.0 em,
(B): Radius of curvature, radial 5.7 em, tangential 3.5 em,
(C): Cross sectional area 0.66xO.33 em2 , length 1.65 em.
Decay test
The decay test was carried out by the sand-block method. Cylin-
drical glass bottles (described in Chapter 1), containing 350 g of quartz
sand (ca. 30 mesh) and 120 ml of nutrient solution, were screwed with
metal caps. Rectangular glass bottles (illustrated in Fig. B), contain-
ing 500 g of the sand and 170 ml of the solution, were capped with four-
layers of alminium foils. The former was used for the decay of blocks
for compressive strength, and the latter was used for bending- and tensile
strengths. These bottles were autoclaved and inoculated with the test
fungi which were allowed to cover the surface of the medium before wood
blocks were inserted. The composition of the nutrient solution is as
follows:
for the decay test using C. globosum,
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glucose 30.0 g and distilled water 1000 rol.
for the decay test using C. versicolor and T. palustris,
KHZP04 3.0 g, MgS04°7HzO 2.0 g, peptone 5.0 g, malt extract 20.0 g,
glucose 50.0 g and distilled water 1000 mI.
The weighed and measured blocks were sterilized by fumigation with
propylene oxide, soaked in sterilized distilled water and exposed to
test fungi. Incubation periods were varied with the dimensions of blocks.
The temperature was maintained at 28°C throughout five different incu-
bation periods of 10-, 25-, 45-, 70- and 100-days for compressive
strengths, and of 10-, 20-, 30-, 45- and 60-days for bending- and tensile
strengths. Ten blocks in three bottles were used in each series of decay
tests. The decayed blocks were cleaned of mycelium and dried to constant
weight in an oven at 65°C. After determination of the weight, specific
gravity and dimensions, the decayed blocks were submitted to the tests
of strengths.
Fig. 8. Size of the rectangular glass bottle used in the decay test.
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MeasU:t'ement of strength
Compressive- and tensile strengths were determined by a Shimadzu
REH-IO multi-purpose testing machine. Determination of bending strength
was made under a static center loading by a Swedish bending testing ma-
chine. Modulus of elasticity in bending was also calculated from the
deflection value during the loading.
Results and Discussion
Compressive strength parallel to the grain
Results are shown in Figs. 9 and 10. When F. crenata was exposed
to T. palustY'is, reduction of the strength was rapid during the decrease
of specific gravity to the value of 0.36, and then gradual. The strength
for the brown-rotted beech was expressed mathematically by the equation
(P = 2250d - 650, d ~ 0.36), where P and d are the strength and the spe-
cific gravity, respectively. In the soft-rotted beech, decay was con-
centrated largely at the surface part of block and did not proceed into
the inner portion. However, similar equation (P = 2250d - 670) was ob-
tained within the limited range of specific gravity over 0.40. On the
other hand, the strength for the white-rotted beech did not reduce rap-
idly and the equation (P = 2000d - 670, d ~ 0.40) was applicable. In
the case of C. japonica exposed to C. globosum, neither loss of weight
nor reduction in strength was obvious. The reduction in strength of
attacked wood of C. japonica was evidently rapider for T. palustris
(P = 4100d - 980, d ; 0.24) than for C. versicolor.
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Fig. 10. Reduction in compressive strength (f-ff) of wood of CPyptomePia
japonica exposed to the test fungi.
Compressive strength p'erpendieu~ to the grain
Results are shown in Figs. 11 and 12. In -F. erenata exposed to C.
gZobosum, the compressive strength perpendicular to the grain reduced
more rapidly than that parallel to the grain. The reduction in the
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Fig. 12. Reduction in compressive strength (/-1> of wood of CryptomePia
japonica exposed the test fungi.
strength for the brown-rotted beech preceded similarly that for the
white-rotted one. The former was expressed by the equation ( P = 550d -
34
170, d ~ 0.30) I and the latter by the equation (P = soOd - 125, d ~ 0.30).
The reduction in the strength for the wood of C. japoniea was rapider
than for F. crenata.
Static bending strength
Results are shown in Figs. 13-16. Relation between the bending
strength and the modulus of elasticity is shown in Figs. 14 and 16.
Relation between the strength and the specific gravity is shown in Figs.
13 and 15. The specific gravity was not calculated from the weight and
the volume of the whole block but from those of the central portion where
decay was concentrated. The reductions in the strength for both the
brown-rotted woods were rapider than those for the white-rotted and the
soft-rotted ones in both wood species. The reduction for the soft-rotted
wood of F. crenata preceded that for the white-rotted when the specific
gravity reduced to ca 0.45, although approximately the same pattern at
the greater specific gravity was observed for both types of decay. The
modulus of elasticity decreased in all the cases as in the reduction in
strength. The reductions in strength for the brown-rotted and soft-
rotted beech blocks were especially rapid within the range between 40
and 50 of the modulus of elasticity. The rate of reduction in the
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Fig. 14. Relation between strength and modulus of elasticity in bend-
ing in wood of Fagus crenata exposed to the test fungi.
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Fig. 15. Reduction in bending strength of wood of CryptomeY'ia japonica
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Fig. 16. Relation between strength and modulus of elasticity in bend-
ing in wood of Cryptomeria japonica exposed to the test fungi.
39
Tensile strength parallel to the grain
Results are shown in Figs. 17 and 18. Determination of the specif-
ic gravity was similarly made On the central portion of block. Clear
patterns were not obtained due to the greater variations among data and
to the lower rate of decay. However, the reductions in the strength for
the brown-rotted woods seemed to still precede those for other woods.
The reduction was evidently detected even in the wood of C. japonica
exposed to C. globosum.
Changes in strength properties of wood caused by decay have been
actively stUdied since Cartwright et aI's 1931 publication24 ) In all
early studies, strengths versus incubation periods Or losses of weight
in whole wood blocks were plotted on graphs. As described in Chapter
1, size of wood blocks usually influences the rate of decay. Size of
blocks should be varied with kind of strength determination. In the
determination of bending- and tensile strengths, the rate of decay of
the portion where loading and stress are concentrated greatly influences
the results. On the long and slender block used for the test of bend-
ing strength, a uniform rate of decay is never expected throughout the
whole length of block. Furthermore, on the block for tensile strength,
a precise determination is not made when the ends of block are degraded
by fungal attack. In these cases, the reduction in strength can not be
compared exactly with the loss of weight in whole block. To enhance the
decay at the central portion of block, blocks for the bending- and tensile
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Fig. 17. Reduction in tensile strength (f-//) of wood of Fagus C!mnata
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Fig. 18. Reduction in tensile strength (f- / /) of wood of Cryptomeia
japonica exposed to the test fungi.
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tral portion unsealed. In addition, the specific gravity in the cen-
tral portion of block was calculated to compare the rate of reduction
in each determined strength On the same basis.
Results obtained are summarized as follows:
(1) with the exception of tensile strength, the reduction in
strength was not apparent in C. japonica exposed to C. gZobosum,
(2) The order of the reduction in strength caused by decay was
tensile parallel to the grain > bending > compression perpendicular to
the grain> compression parallel to the grain,
(3) The order of the ability to reduce the strengths of wood of
F. cpenata was T. paZustPis (brown rot» C. gZobosum (soft rot) >
C. vepsicoZop (white rot) .
. h . f' , 24,26) b f dIn agreement Wlt earller lndlngs , rown rot ungus cause
a rapid drop in strength properties than did white rot fungus. The order
of the reduction in strength also coincided approximately with the list
b C . h d' dl 33)Y artwrlg t an Fill ay . The reduction in strength for soft~rotted
. . 4,85,141)
wood has been studied by a few lnvestlgators . Impact bending
strength of wood exposed separately to several soft rot fungi was deter-
mined and compared with each other.
On the micro-morphological aspect, the following characteristics
61)have been known for three different types of wood decay :
(1) soft rot; (a) the formation of chains of cavities in the 9'2 layers
of tr~cheids and fibres,
(2) white rotj (a) the progressive thinning of the secondary cell walls
from lumen outwards,
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(b) the decomposition occurring uniformly in the regions
attacked,
(3) brown rot; (a) no thinning of the secondary cell walls until the
very late stages of decomposition,
(b) the irregular patchy attack of the tissues.
cowling33 ) concluded from the analysis of decayed wood that the
attack by brown rot fungi brought about a rapid decrease in OP in the
cellulose, while white rot fungi caused a gradualer drop in OF. During
the attack of beech wood by C. globosum81 ), the initial increase in DP
of about 10 percent of the holocellulose took place, and followed by a
gradual decrease. This pattern means that this fungus initially removes
holocellulose components with lower molecular weight and then gradually
attacks the remaining longer chains. This mode of attack seems to differ
from that of brown rot fungi, and certainly from that of white rot fungi.
The walls of wood cells are composed of three groups of structural
substances which are classed as framework, matrix and encrusting mate-
. 130)
r1als by Wardrop . The framework substance is cellulose which occurs
in the form of microfibrils. Cellulose is closely associated with the
matrix and encrusting substances in the paracrystalline regions of the
microfibrils. The microcapillaries surrounding the cell wall framework
are also filled with these amorphous substances. Hemicelluloses are
inCOrPOrated into the cell wall as the matrix substances. The lignin
skeleton that remains after the enzymatic removal of carbohydrates from
wood provides clear evidence of the microcapillary system in the cell
wall.
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A high sensitivity of tensile strength to decay is readily expected
on the basis of the theory that DP in the cellulose is an indicator of
. ~)
the tenslle strength of wood .
There does not exist any generally accepted theory on the fracture
in wood which is induced by stress and strain. However, the fracture
. d h· h th 78) (1)'"is accepted as progresslve amage, w lC has ree stages: lnltl-
ation of submicroscopic slips, (2) propagation of microscopic defor-
mations and cracks, and (3) occurrence of macroscopic failures. There
are many weak spots in the anatomical structure of wood which create
favorable conditions for crack initiation. In the case of decayed wood,
additional weak spots which are caused by fungal attack may give a
facilitating effect in such a crack initiation.
It is reasonably concluded that the rapid depolymerization of cellu-
lose molecules and the irregular patchy attack of the tissues may cause
the rapid drop in strength properties of brown-rotted woods, although
there is no experimental evidence for these in the literature and in
the present experiment. C. globosum, a soft rot fungus, has been ranked
in the second order of the ability to reduce the strengths of wood of
F. crenata. However, it is difficult to explain the mode of strength
reduction in relation to the cavity formation in the secondary wall and
the different pattern of attack on cellulose polymer by this fungus.
Remaining of the sound core which is caused by the progressive destruct-
ion from the surface inwards is a macroscopic characteristic of soft-
rotted wood85 ). This seems to be responsible at some extent for the
rank of c. globosum. The distribution of cavity may also influence the
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reduction in strength. , 85) h' . d h dLlese and Amrner ,w 0 lnvestlgate t e re uc-
tion in impact bending strength of beech wood exposed to soft rot fungi,
reported a close correlation between the number of cells attacked and
the strength loss. 141)On the contrary, Zycha could not find such a
correlation when he made the similar investigation. Cavity formation
creates undoubtedly more or less favorable conditions for crack initi-
ation. However, at the present stage, it is impossible to predict sta-
tistically the effect of cavity formation on the strength properties of
wood, since it has not been found any generally accepted theory on the
fracture.
2-2 . 116)Changes in lnfrared spectra of wood on decay
Materials and Methods
Preparation of the samples
The sawdust was collected by cutting the uecayed wood blocks of
F. crenata and C. japonica with a small hand-saw at the distance of 6 mm
from a cross sectional end of blocks. These blocks were tested for
reduction in the compressive strength by decay as described in 2-1.
The sawdust was ground up in a mortar to fine powders through a 300 mesh
sieve, and the powders were used as samples for infrared spectroscopy.
Spectroscopic measUPement
Measurement of infrared spectra was made according to the KBr-disk
method. The procedure is as follows:
Coarse KBr powder was ground in an t rtaga e mo ar to pass through a
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200 mesh sieve and dried for 48 hours at 130°C. Each sample of the
ground wood meal was dried separately ~n vacuo for 8-10 hours at 65°C.
Three milligrams of the dried sample was then well mixed with 600 mg of
the dried and cooled KBr powder in an agate mortar. The mixture was
then pressed in a disk-press at 190 kg/cm 2 for 5 minutes under a vacuum
condition produced by a normal backing pump. The resulting disk was
submitted to spectroscopic measurement through the 1800-650 em-I region
under operation of an infrared spectrophotometer, Japan Spectroscopic
DS-402G.
Results and Discussion
Infrared spectra of the wood samples are recorded separately as
shown in Figs. 19-28. On each figure, A shows the spectra of wood
decayed by T. paLustris (brown rot), and B by C. versicoLor (white rot).
The spectra of wood of F. crenata exposed to C. gLoboswn (soft rot)
showed little change despite of the considerable weight loss in alocks.
Then, newly prepared samples from the wood meal which had been collected
by surface shaving were used in the spectroscopic measurement. The spec-
tra of these samples are shown as C in Figs. 19, 21, 23, 25 an~27.
C. gLobosum did not cause appreciable weight loss and significant changes
in spectra in wood of C. japonica.
Changes in spectra observed in this experiment are described sep-
arately in five regions 6£ wave number.
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Fig. 19. Infrared spectra of wood of Fagus crenata exposed to Tyromyces
pa'lustris (A), Corio'lus versicolor (B) and Chaetorrriwn globoswn
(C) in the 1800-1500 cm- l region. S: Sound wood, Figure on
spectra: % weight loss in wood block.
In the 1800-1500 cm- l region (Figs. 19 and 20)
(a) The absorption at 1730 em-I in F. crenata decreased markedly
during the degradation by C. globosum, whereas only slightly by T. paZ-
ustris and C. versicolor.
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Wave Number (cm-' )
1600 1500
Fig. 20. Infrared spectra of wood of Cryptomeria japonica exposed to
TyY'omyces palustris (A) and Coriolus versico loY' (B) in the
1800-1500 -1 region. s: Sound wood, Figure on spectra: %em
weight loss in wood block.
(b) The same absorption in C. japonica decayed by the two Basidio-
mycotina fungi decreased constantly. The decrease was observed also in
the wood scarcely decayed by C. globosum. The occurrence of absorption
at about 1715 ern-I was realized in the woods of both species, but strongly
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in C. japonica.
(c) The absorption band centered at 1640 em-I was broadened in C.
japonica decayed by T. palustPis.
(d) The absorptions at 1595 and 1510 em-I were sharpened in F. c~e-
nata decayed by T. palustPis. The latter absorption in C. japonica
decayed by the same fungus also increased significantly. These absorp-
tions, however, decreased in F. c~enata decayed by C. ve~8icolo~ and
C. globosum. The absorption at 1510 em-I in C. japonica decayed by C.
ve~sicolo~ also decreased.
In the 1500-1300 cm- I ~egion (Figs. 21 and 22)
(a) The absorption at 1460 cm- 1 increased with the progress of
decay in both woods exposed to T. palustPis. This was more noticeable
for F. crenata than for C. japonica. Thus, the absorption in F. crenata
became greater than that at 1420 cm- 1 as decay proceeds.
(b) The absorption at about 1405 em-I which was not present in ori-
ginal sound wood was visualized after decay, especially in F. crenata
decayed by c. globosum and in C. japonica by C. versicolor.
(c) The absorption at 1330-1310 cm- l increased slightly in F. cre-
nata exposed to T. palustPis, while it decreased in C. japonica exposed
to the same fungus.
In the 1300-1100 em-I region (Figs. 23 and 24)
(a) The broad absorption band at 1300-1200 em-I in F. crenata ex-
hibited the different shape with the progress of decay by T. palustris,
and that waS characterized by the occurrence of two distinct absorptions
at 1270 and 1230 ern-I. These absorptions were present originally in
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Fig. 21. Infrared spectra of wood of Fagus crenata exposed to Tyromyces
palustris (Al, Coriolus versicolor (B) and Chaetomium globosum
(el in the 1500-1300 cm- I region. S: Sound wood, Figure on
spectra: % weight loss in wood block.
sound wood of C. japonica and increased similarly with the progress of
decay by the same fungus.
(bl The broader band at 1200-1000 em-I weakened progressively, as
a whole, as decay proceeds. Details in the change, however. varied with
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Fig. 22. Infrared spectra of wood of Cryptomeria japonica exp?sed to
Tyromyces paZustris (A) and CorioZus versicoZor (B) in the
1500-1300 em-I region. S: Sound wood, Figure on spectra: %
weight loss in wood block.
the wood and fungal species. The absorption at 1160 cm- 1 decreased in
F. crenata exposed to T. paZustris and C. gZobosum, and in C. japonica
to T. palustris. The absorption at 1120 cm- l increased in F. crenata
decayed by T. palustris and C. globosum, but not in C. japonica by T.
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Fig. 23. Infrared spectra of wood of Fagus c~nata exposed to JYpomyces
paZustY'is (Al, CoY'ioZus vepsicoZor (8) and Chaetorrrium gZobosum
(e) in the 1300-1100 cm- 1 region. S: Sound wood, Figure on
spectra: % weight loss in wood block.
palustris and C. veT'sico-ltrr.
In the 1100-900 cm- 1 region (Figs. 25 and 26)
(a) The absorption band at 1050-1030 cm- 1 in F. cpenata was divided
into two weak absorptions at 1050 and 1030 cm- 1 after decay by T. paZust-
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Fig. 24. Infrared spectra of wood of Cryptomeria japonica exposed to
Tyromyces paZustris (A) and Coriolus versicolor (B) in the
1300-1100 cm- I region. S: Sound wood, Figure on spectra: %
weight loss in wood block.
riB.
(b) These absorptions were present in C. japonica before decay.
The absorption at 1030 em-I became greater than that at 1050 cm- I with
the progress of decay by T. palustris and C. versicolor.
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Fig. 25. Infrared spectra of wood of Fagus crenata exposed to Tyromyces
palustris (A) I Coriolus versicolor (B) and Chaetomium globosum
(C) in the 1100-900 em 1 region. S: Sound wood, Figure on
spectra: % weight loss in wood block.
In the 900-650 cm- 1 region (Figs. 27 and 28)
(a) The absorption at 895 em- l decreased progressively in F. cre-
nata decayed by T. palustris and C. globosum. Such a decrease was also
observed in C. japonica decayed by T. paZustris.
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Fig. 26. Infrared spectra of wood of CryptomePia japonica exposed to
TYpomyces palustPis (A) and CoPiolus vepsicolor (B) in the
1100-900 em-I region. S: Sound wood, Figure on spectra: %
weight loss in wood block.
(b) The decrease in the same absorption was not found in F. cre-
nata exposed to C. versicolor but slightly in C. japonica.
The absorption at 1730 cm- 1 decreased rapidly in F. crenata exposed
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Fig. 27. Infrared spectra of wood of Fagus crenata exposed to Tyromyces
palustris (A), Coriolus versicolor (B) and Chaetomium globosum
(C) in the 900-650 cm- 1 region. S: Sound wood, Figure on
spectra: % weight loss in wood block .
. same fungus and in F. crenata to T. palustris and C. versicolor. This
absorption is assigned to the C=O stretching vibration of carboxyl and
acetyl groups in xylan, precisely the O-acetyl (4-0-rnethyl glucuronol
xylan in hardwoods and the arabino-(4-0-methyl glucurono) xylan 1:1 ':ufl-
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Fig. 28. Infrared spectra of wood of C~yptomeria japonica exposed to
Tyrorrryces palustris (A) and Co~iolus versicolor' (B) in the
900-650 cm- I region. S: Sound wood, Figure on spectra: % weight
loss in wood block.
woods55). The absorption at 1460 and 1230 em-I are due to the CH2 de-
formation vibration in lignin and xylan with benzene ring vibration in
lignin, and to the acetyl and carboxyl vibration in xylan with c=o
h · ib . "1" . . 1 55) hstretc 1ng v rat10n 1n 19n1n, respect1ve y . T ese absorptions did
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not change in F. crenata exposed to C. globosum and C. versicolor but
increased in the same wood decayed by T. paZustris. Among several ab-
sorptions refered to cellulose and hemicelluloses, absorptions at 1380,
1160 and 895 em-I decreased in F. crenata exposed to C. globosum and
T. paZustris. These results suggested that C. globosum was characterized
by the specific action on carboxyl and acetyl groups in hernice1luloses
and that C. gZobosum and T. palustris attacked actively cellulose and
hernicelluloses in the decay of hardwoods.
The absorptions at 1595 and 1510 em-I are due to the well known
stretching vibrations of the benzene ring in lignin. These absorptions
increased in both woods decayed by T. palustris but decreased in those
by C. versicolor and in F. crenata by C. globosum. The five absorptions
at 1460, 1420, 1270, 1230 and 1030 em-I are also refered to lignin.
Among these, the absorption at 1460 cm- I is assigned to the CHz defor-
mation with benzene ring vibration and that at 1420 cm- I is to the CH3
b d ' 'b . 55)en ~ng Vl ratlon . The other absorptions are due to the c=o stretch-
The lignin remaining in the decayed wood was deficient
ing vibrations, but they are also associated with cellulose or hemicellu-
55)loses . These five absorptions did not decrease in the brown-rotted
woods but showed little change in the white-rotted and soft~rotted ones.
Changes in absorptions due to lignin in the soft-rotted wood were thus
quite different from those in the brown-rotted one, while but similar to
those in the white-rotted one.
c. gZohosum has been shown to cause depletion of the lignin in beech
d Bl , 105 ,108)woo .
in methoxyl and acid-soluble more than that in the sound wood81). Thus,
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this soft rot fungus can bring about at least some degradation of lignin,
. d7l )but it is not known what specific sequential changes are 1nvolve
In comparison of the characteristics of soft rot with other types of
wood decayl05) , carbohydrate depletion with little lignin attack has
been emphasized as the similarity to brown rot, and the gradual increase
in alkali solubility as that to white rot. However, the results obtained
here suggest that soft rot fungi are more active against hardwood lignin
than are brown rot fungi.
Infrared spectra of wood exposed to C. versicolor were not very
different from those of sound wood, with the exception of few absorp-
. d 3 1 1"' .. 22,33) 1 dt10ns at 1595, 1510 an 1 80 cm-. Ear 1er 1nvest1gat10ns revea e
that the solubility of wood in water, 1 % NaOH, and in organic solvents
did not change considerably during decay by white rot fungi. This indi-
cates that the rates of production and utilization of degradation prod-
ucts are approximately equal. In accord with this, the polysaccharides 33l
d I , . 69) "," h'an 1901n rema1n1ng 1n w 1te-rotted wood at various stages of decay
are not very different in properties from these substances in sound wood.
Therefore, only small parts of the polymers are attacked at any given
time, and the affected portions are completely degraded and assimilated
before other parts of the polYmers are significantly affected.
The absorptions at about 1715 and 1405 em-I which were visualized
after decay were not discussed here, since their assignments have not
been known so far.
The loss of weight in decayed wood indicates the removal of wood
substances by decay fungi, in the form of water-soluble compounds, water
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and carbon dioxide as the final degradation products in fungal metabolism.
In the very early stage in which the substantial loss of weight in wood
is still undetected, any of the limited changes in polymer structure
must occur. Infrared spectral method was expected to be sensitive to
detect such structural changes occurring in the early stage of wood decay.
However, as shown in the results, any changes in infrared spectra did
not precede the percent of weight loss. The absorptions at 1730, 1380
and 1050 cm- I were more sensitive to decay than other absorptions. Thus,
infrared spectral method using KBr-disk preparation proved less effect-
ive on the structural analysis of wood constituents at the early stage
of decay, but was very useful, as well as the conventional chemical anal-
ysis, for the qualitative examination of wood decay.
23 '1' , f bhd 117)- Ut1 1zat10n 0 car 0 y rates
Materials and Methods
Carbon source and medium
The following carbohydrates were added as the sole carbon source
to the basal medium:
L-arabinose, D-glucose, D-mannose, D-galactose, D-glucuronic acid,
D-galacturonic acid, D-maltose, CMC (carboxymethyl cellulose sodium
salt, 0.5 to 0.7 in degree of substitution, and 300 to 450 in degree
of polymerization), and crude xylan extracted from wood of Fagus crenata.
Abrams's sOlutionl ) was used as the basal nutrient medium. The com-
Position is as follows:
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NH4 N0 3 3.0 9, KHZP04 2.5 g, K2HP04 2.0 g, MgS04"7H20 2.0 9 and
distilled water 1000 mI.
Amounts of carbon source were 10 9 per litre for xylan and 20 9 for
other carbohydrates. The carbon sources were sterilized in vapor of
propylene oxide and added to the autoclaved Abrams's solution. When
using D-glucuronic acid and D-galacturonic acid as carbon source, pH
values of these uronic acid media were adjusted to 6.5 with sterilized
sodium hydroxide. The experiments were mainly carried out in 500 ml
shaking flasks containing 50 ml of nutrient solution. Three to five
replicates per each kind of carbon source were tested.
Friar to experiments, the mycelia of the test fungus were trans-
fered to Petri dishes containing malt agar substrate. Sterilized cello-
phane disks of 8 rom diameter were laid on the agar plate. After covering
the agar plate and cellophane disks by mycelial development, the disks
with mycelia were removed and rinsed in sterilized distilled water.
The flasks were inoculate'd with -these lllYceliai -disks and incubated at:
28 Q C in a shaker for 21 days.
D~tellm:nationof g~th rate and cWlsumption rate of carbon sources
Growth rate was determined every three days as mycelial dry weight
per flask by dryin9 for 20 hours at 90°C after filtering the nutrient
medium. In some experiments with solid agar media containing equal
amount of xylose or glucuronic acid as in the nutrient solution, growth
of the mycelium -was measured in millimeters per day. In addition, the
pH. of each cUlture :filtrates was measured every three days.
The culture filtrates 'Were analysed for the amout'lt of remaining
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93) 1.8)
carbohydrates by methods of Bertland , and Tollens and Krober .
samples taken from the xylan-containing solutions were hydrolysed with
1 N sulfuric acid for 6 hours at lOOoC, and followed by neutralization
with barium hydroxide and passage through Arnberlite lR-120 and lR-4B.
The effluents and washings containing neutral sugars were concentrated
18)
and analysed for pentose content by method of Tollens and Krober .
Test fungi
A test fungus was Chaetomiwn globoswn Kunze (lAM B059). Conolus
versicolor Quel. (FES 1030) and Tyromyces paZustris Murr. (FES 0507)
were occasionally used for comparison.
Preparation of crude xy"lan from beech wood
Beech wood (Fagus crenata Blume) sawdust, 40 to 60 mesh, was ex-
tracted with ethanol-benzene (1:1). The extractive-free wood (350 g)
was suspended in water (3.5 1) and treated with glacial acetic acid
(20 ml) and sodium chlorite (80 g) by occasional stirring for 1. hour at
70-BOoc. Then, the same amounts of additional reagents were added with-
out cooling. The heating was continued at the same temperature range
for an additional hour. This treatment was repeated again in the same
condition.
The chlorite holocellulose was extracted with 5 % sodium hydroxide
under nitrogen gas for one overnight at a room temperature. The mixture
was filtered with suction into a flask containing an excess of glacial
acetic acid, and 95 % ethanol was added to the filtrate and washings.
The resulting precipitate was collected by centrifuging, and. then washed
repeatedly with 5 % ethanol, ethanol and ether, and dried on potassium
63
hydroxide in vacuo. A crude xylan was obtained as light grayish powder.
The contents of lignin and uronic acid of the sample was determined
as Klason lignin and uronic anhydride according to TAPPI Standards T
19) . 113m-54 and Browning's method , respect~ve y.
Results and Discussion
Growth of c. globosum on various carbon sources other than crude
xylan and consumption rate of some carbon sources are shown in Figs. 29
and 30. Xylose, mannose, glucose, galactose and maltose were available
to c. globosum. Of these sources, however, galactose apparently gave
slower fungal growth, although the final mycelial yield was nearly equal
to other sources. Cochrane 29) reviewed the carbon nutrition of fungi
and concluded that galactose was utilized by most fungi but was not
usually so good source as glucose. Results obtained here suggest that
C. gZobosum is adapted to metabolize galactose during incubation, and
tJFI t the metabolic activi ty to galactose may not be constitutive for
the fungus.
There are many reports showing that glucose is a good carbon source
for many fungi including wood-decaying fungi and that xylose and mannose
29 99)
are equivalent to glucose ' . In the present investigation, however,
glucose was slightly inferior to xylose and mannose in daily growth rate.
In the metabolism of glucose by fungi, three different pathways have
been established, namely EMP (Embden-Meyerhof-Parnas) pathway, liMP (hex-
ose monophosphate) pathway and ED (Enter-Douroroff) pathway. Mannose































Fig. 29. Mycelial dry weight of Chaetomium globosum grown in Abrams's
medium with various carbon sources.
phosphorylated derivatives of these sugars, and derived into the EMP
-and HMP pathways29) , whereas xylose is first.ly converted into xylulose-
5-phosphate via xylulose and connected to HMP pathway to produce fruc-
36)
tose-6-phosphate . Rapid growth and consumption in xylose medium seem
















































Fig. 30. Consumption rate of five carbon sources by Chaetomium globosum
grown in Abrams I s medium.
leading the major participation of HMP pathway in C. gZobosum.
Xylose and mannose are the main constituents of wood hemicelluloses.
Percent of amount of xylose in extractive-free basis is ranging 12 to
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26 in hardwoods and 5 to 10 in softwoods126}. From the present results
it can be seen that mannose is a good carbon source with xylose for C.
1 b '1' h 1 67) , . h' 1 dg&o osum. Ke~ ~c et a. , ~n agreement w~th t ~s resu t, reporte
that C. globosum was able to degrade both glucomannans and glucurono-
xylan. As to the enzyme activity, however, they found that xylanase
activi ty of this fungus was higher than mannanase activi ty.
Changes of economic coefficient in five carbon sources are shown in
Fig. 31. Economic coefficient is one of the methods to determine the
efficiency of conversion of carbon source to mycelium. It is defined
by the fo nnul a ;
mycelium dry weight (g)
amount of carbon compound consumed (g) x 100
Economic coefficient is maximal when respiratory carbon dioxide and sol-
uble metabolic products are minimal in quantity. Very low values reflect
probably the production of significant amounts of soluble compounds in
high-carbohydrate media99) .
As mentioned above, xylose and mannose were utililized more rapidly
than other sources, reflecting rapid growth on these sources. However,
economic coefficient of xylose maintained the same moderate level through-
out the incubation period, whereas that of mannose increased rapidly in
early period and then decreased gradually. This suggests that transition
from accumlation of metabolic product to mycelial formation is abrupt
in the utilization of mannose by C. gZobosum.
Although consumption rate of maltose was slower than that of other
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Fig. 31. Efficiency of conversion of five carbon sources to mycelium
of Chaetomiwn gZoboswn.
level, and mycelial yield was equivalent to other sources. This indi-
cates the presence of maltase and the effective use of maltose for myce-
lial formation.
L-Arabinose occurs as a hemicellulose component, though the content
is very low. In contrast to D-xylose, this sugar was not utilized at
all by C. gZoboswn. The fact probably indicates the lack of metabolic
pathway - arabinose ~ ribulose ~ ribulose 5-phosphate ~ xylulose5-phos-
36)phate • Inability to utilize both L and D isomers of arabinose has
d f · 58)been reporte on many ungl .
Glucuronic acid and galacturonic acid which are occurring in wood
68
components of glucuronoxylan and galactoglucomannan were not utilized
at all, even when the pH values in these uronic acid media were adjusted
to 6.5 with sodium hydroxide solution (Fig. 32). On the solid agar me-
dium which contained glucuronic acid as the sale carbon source and was
adjusted to pH 6.5 with sodium hydroxide solution, poor growth of C.
globosum was observed better than on no carbon medium, but it was appar-
ently lesser than of C. versicolor and T. palustris (Fig. 33). This
indicates that the ability of C. globosum to utilize the uronic acid in
wood hemicellulose is very low.
Growth on CMC medium was also very poor. Growth on the third day
was not measured due to the difficulty of separating the mycelium from
the carbon source. As a cellulolytic activity of C. globosum was not
estimated enzymatically, the reason for such poor growth was uncertain.
Carboxymethyl group in the substrate may be supressive to the growth of
the fungus, although this fungus is undoubtedly the truly cellUlolytic
fungus.
Growth, consumption rate and economic coefficent of three fungal
species in xylan-containing medium are shown in Figs. 34-36. The con-
tents of lignin and uronic anhydride of this source were 6.25 % and
5,56 %, respectively. As mentioned in "Materials and Methods", determi-
nation of pentosan was carried out with the neutral fraction from hydro-
lyzed culture filtrates. Correction to the fulfural yield from uronic
acids was not made. Maximum mycelial yields of test fungi were almost
the same as shown in Fig. 34. However, C. globosum grew more rapidly
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Fig. 32. Change in pH value of Abrams's medium with various carbon
sources during incubation (A-J: Chaetomium globosum, K: Corio-
























Fig. 33. Radial growth of three fungal species grown on Abrams's agar
medium with glucuronic acid as sole carbon source (Broken line
shows the diameter of Petri dish).
eolo~ and T. palustris. Economic coefficient for C. globosum kept a
higher level throughout the incubation period, although the progressive
increase of consumption rate showed fairly similar pattern to those of
other fungi. Radial growths of these fungi on solid agar medium contain-
ing xylose as the sole carbon source were almost the same until the fifth
day, but after that day C. globosum was superior to other fungi (Fig. 37).
As shown in Fig. 32, the pH value of each nutrient medium from which
carbon source was available to test fungi exhibited a similar pattern of
transition, that is, a considerably rapid fall and recovery of the value
during the course of incubation. Such a pattern has been usually observed
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Fig. 34. Mycelial dry weight of three fungal species grown in Abrams's
medium with crude xylan as sale carbon source.
mediate products.
From the present results that C. globosum is able to utilize xylose
and xylan, it can be seen that this soft rot fungus has an active path-
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Fig. 35. Consumption rate of pentose by three fungal species grown in
Abrams's medium with crude xylan as sole carbon source.






















P ' 36 Efficiency of conversion of crude xylan to mycelium of three19. .
fW1gal species.
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medium with xylose as sole carbon source (Broken line shows
the diameter of Petri dish) .
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2-4 Summary
To achieve a better understanding of the mechanisms of wood degra-
dation by soft rot fungi, change in strength properties and infrared
spectra of wood caused by Chaetomium globosum were compared with those
caused by a white rot fungus, Coriolus versicolor and a brown rot fungus,
TYromyces palustris. Utilization of carbohydrates by C. globosum was
also investigated for the same purpose. Results obtained were summarized
as follows:
(1) The reduction in strength was clearly demonstrated for Fagus
o~enata (hardwood) exposed to C. globosum, but not for Cryptomeria japo-
nica (softwood) exposed to the fungus with the exception of tensile
strength.
(2) The order of the reduction in strength caused by decay was
tensile parallel to the grain > bending > compression perpendicular to
the grain > compression parallel to the grain.
(3) The order of the ability to reduce the strengths of wood of
F. crenata was T. palustris > C. globosum > C. versicolor.
(4) The absorption at 1730 ern-I, assigned to the c=o stretching
vibration of carboxyl and acetyl groups in xylan, decreased rapidly in
both woods of F. crenata and C. japonica exposed to C. globosum, although
the substantial loss of weight was not detected in the latter.
. -1(5) The absorption at 1595 and 1510 em ,assigned to the stretch-
ing vibrations of the benzene ring in lignin, increased in both woods
exposed to the brown rot, while decreased in both to the white rot and
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in F. crenata to the soft rot.
(6) O-Xylose, D-mannose, D-glucose, o-galactose, D-maltose and
xylan were available to C. globosum, whereas L-arabinose, o-glucuronic
acid and o-galacturonic acid were not utilized at all.
(7) Rapid rates of growth and consumption of carbon source were
demonstrated for xylose- and xylan media inoculated with C. globosum.
From the spectral analysis of decayed wood, it is obvious that C.
globosum is more active against hardwood lignin than is a brown rot
fungus used, although preferential depletion of carbohydrates with littll
lignin attack has been emphasized as the similarity of soft rot to brown
rot. Rapid decrease of the absorption at 1730 em-1 in F. crenata and
rapid utilization of xylose and hardwood xylan ~y C. qlobosum suggest
the possible connection to the greater susceptibility of hardwoods to
soft rot fungi. The order of the ability for C. globosum to reduce the
strengths of wood seems to reflect these degradation pattern of wood
constituents and the mode of attack on lignified cell wall generally
characterized by cavity formation in secondary wall.
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CHAPTER 3 NATURAL DECAY RESISTANCE OF WOOD AGAINST CHAETO-
MIUM GLOBOSUM
An apparent wood preference has been recognized for many of the
white rot- and brown rot fungi, although there seems to be no absolute
specificity involved in. White rot fungi are associated most frequently
with decay of hardwoods and brown rot fungi with decay of softwoods.
Soft rot fungi seem to attack hardwoods more readily than softwoods.
However, these relationships are not generalized due to the lack of data.
Soft rot fungi have been isolated frequently even from softwoods serviced
. 37,104)in various env~ronments . d 54). . d thGreaves an Levy ~nvestlgate on e
durability of wood which was subjected to long-term exposure (3300 to
5 years) in widely differing environments. The most intensive destruct-
ion, according to them, was found to occur in mining timber in which
bacteria and soft rot fungi had combined to erode completely the second-
ary cell wall of fibres and tracheids. Thus, the higher resistance of
softwoods against soft rot fungi which is evidently exhibited in the
laboratory tests does not mean necessarily the predominant occurrence
of soft rot on hardwoods, and might be overcome at some extent with some
fungaljbacterial associations, or any of unknown biological combinations
and non-biological effects.
In this chapter, inv~stigations are" reported on the natural decay
resistance of various wood species against C. globosum. It is frequently
pointed out that the higher decay resistance of a certain heartwood
against Basidiomycotina fungi is often caused by the presence of toxic
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d 3 ,101)extractives in woo . However, role of extractives in the higher
resistance of wood against soft rot fungi has not yet been studied at
all. Thus, heartwood blocks, newly prepared from all species of soft-
woods and tropical hardwoods used, and from those species of temperate
hardwoods which were designated resistant against C. globosum, were ex-





Wood species and pTeparation of test block
The wood species used in the experiment are listed in Table 7.
Most of important species in Japan are involved in 138 species of 89
genera over 41 families. Considering the well established trend of in-
creasing decay resistance from the innermost to the outermost heart-
54 B7)
wood' , heartwood samples were taken as near as possible from the
intermediate portion. Sampling of sapwood samples, if possible, was
made also from the middle part. The size of test block was decided as
2.0 (t) x 2.0 (T) x 0.5 (l) (em), considering the surface action of soft
rot fungi to the wood block..
Test fungi
Chaetomium globosum Kunze (lAM 8059) was used as a test fungus.
Deeay test
The decay test was done by the sand-block method using cylindrical
glass bottles described in Chapter 1. Three blocks each in two bottles
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were used for each wood species. The composition of the nutrient solu-
tion was the same as that described in Chapter 2. Test blocks were
soaked in sterilized distilled water after fumigation with propylene
oxide, since soft rot fungi have a preference for wet conditions. The
temperature was maintained at 28°C during the 8 week-incubation period.
The decayed blocks were cleaned of mycelium, and then dried to constant
weight in an oven at 105°C. The percent of weight loss was calculated
from initial and final weights.
Extraction of test bLocks with hot methanol
Extractives are those substances which are removed from wood by ex-
traction with neutral solvents. Although the same sequence of extract-
ions is not applicable to all woods because of the variable composition
of the extractives, methanol is preferentially used as the first solvent
for successive extraction. Heartwood blocks from resistant species based
on decay tests were extracted with hot methanol tor 8 hours and exposed
to the test fungus. The content of methanol extractives was calculated
by reweighing the extracted block.
Results and Discussion
A few schemes on the classification of timbers on the basis of decay
. h b d the t 28,46,100)res~stance ave een propose over pas years • In Japan,
however, classification scheme has not been established yet. In this
experiment, on the basis of the weight loss in beech wood (Fagus cpenata)
and frequency distribution of weight loss, the resistance of hardwood
species was divided into five classes as follows:
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Table 7. Hardwood timber species used in the decay test.
Connnon name*··
No.* Family Botanical name** Source***·
Japanese English
:I- I Salicaceae Populus ma.::dmowiczii Henry Doronoki Japan poplar W
f- 2 " Populus nigra L. Seiyo- Lombardy poplar K
var itaZica Koehne hakoyanagi
i- 3 " Salix sachalinensis Onoeyanagi (willow) A
1- 3 Fr. Schm.
1- 4 " Salix alopechroa Kimura Saigoku- (Willow) K
kitsune
yanagi
I- S " Toisw;Ju urbaniana Kimura Tokachi- (Willow) W
- S var. schneideri Kimura yanagi
- 6 Juglandaceae Juglans mandchurica Maxim. Onigurumi Japanese W
subsp. sieboZdiana Kitam. walnut
- 7 " Pterocarya rhoifolia Sawagurumi Japanese W
- 7 Sieb. et Zucco wingnut
-
- 8 Betulaceae Ostrya japonica Sarg. Asada Japanese W
hophornbeam
- 9 II Carpinus japonica Blume Kumashide (Hornbeam) W
~ 9
- 10 " Carpinus tschnoskii Maxim. Inushide (Hornbeam) W
·11 " Corylus sieboldiana Blume Tsunohashibami (Hazel) A
· 12 II Betula e~ani Cham. Oakekanba Dakekaba W
· 12
· 13 " Betula gI'Ossa Mizurne (Birch) W
13 Sieb. et Zucco
14 " Betula platyphyZZa Sukat. Shirakanba Shirakaba W


















Table 7. Hardwood timber species used in the decay test (Continued).
Cormnon name***
No.* Family Botanical name** Source****
Japanese English
H- 15 Betu1aceae Alnus firma Sieb. et zucco Miyama- (Alder) K
var. hirteUa yashabushi
Franch. et Say.
H- 16 " Alnus hirsuta Turcz. Keyamahannoki (Alder) W
H- 17 11 Alnus hirsuta Turcz. Yarnahannoki (Alder) K
var. sibirica
C. K. schneid.
H- 18 " Alnus japonica Steud. Hannoki Japanese alder K
H- 19 Fagaceae Fagus crenata Blume Buna Japanese beech W
H- 19
- Quercus acutissima Carr.H- 20 " Kunugi Kunugi oak W
H- 21 " Quercus mongolica Fisch. Mizunara Karafuto oak W
H- 22 n Quercus serrata Thunb. Konara Konara oak A
H- 22
H- 23 " Quercus variabilis Blume Abernaki (Oak) K
H- 24 II Quercus acuta Thunb. Akagashi (Oak) W
H- 25 " Quercus gilva Blume Ichiigashi (Oak) W
H- 25
H- 26 " Quercus glauca Thunb. Arakashi Ring-cupped oak K
H- 27 " Quercus hondai Makino Hanagagashi (Oak) W
H- 27
- Lithocarpus amygdafolia (Lithocarpus) WH- 28 " Arnigashi
Sieb. et Zucco
H- 29 " Castanea crenata Kuri Japanese W
Sieb. et Zucco chestnut
Table 7. Hardwood timber species used in the decay test (Continued).
Cornmon name***
NO.* Family Botanical name** Source****
Japanese English
::1- 30 Fagaceae Castanopsis cuspidata Tsuburajii (Western W
Schottky chinquapin)
::1- 31 " Castanopsis sp. (Shii) (Castanopsis) W
f- 31
{- 32 " Passania edulis Makino Matebashii (Passania) K
1- 33 Ulmaceae Ulmus davidiana Planch. Harunire Nire-elm W
1- 33 var. japonica Nakai
[- 34 " Ulmus lacinata Mayr Ohyo Ohyo-nire W
:- 35 " Zelkova serrata Makino Keyaki Keyaki W
- 35
- 36 " Celtis sinensis Pers. Enoki Japanese W
var. japonica Nakai hackberry
- 37 II Aphananthe aspera Planch. Mukunoki (Aphananthe) W
- 38 Moraceae Morus alba L. Kuwa Silkworm W
- 38 mulberry
- 39 " Morus bombycis Koidz. Yamaguwa (Mulberry) A
- 39
- 40 " Broussonetia kazinoki Sieb. Kouzo Paper mulberry A
· 41 II Cudrania tricuspidata Bureau Hariguwa (Cudrania) K
· 42 Trocho- Trochodendron aralioides Yamaguruma (Trochodendron) W
· 42 dendraceae Sieb. et Zucco
- Cercidiphyllum japonicum· 43 Cercidi- Katsura Katsura W
















Table 7. Hardwood timber species used in the decay test (Continued).
Common name***
No.* Family Botanical name** Source****
Japanese English
H- 44 Magnoliaceae Magnolia lilij10ra Desr. Mokuren (Cucumber tree) K
H- 45 " Magno l ia kobus DC. Kobushi Thunber's K
Magnolia
H- 46 " Magnolia praecocissima Ezokobushi (CUcumber tree) W
Koidz.
H- 47 " Magnolia obovata Thunb. Honoki Japanese W
cucumber tree
H- 48 " Magnolia salicifolia Max. Tamushiba (Cucumber tree) A
H- 49 Lauraceae Cinnamomum camphora Sieb. Kusunoki Camphorwood W
H- 49
H- 50 " Cinnamomum japonicum Sieb. Yabunikkei (Campho rwood) W
H- 50
- Machilus thunbergiiH- 51 " Tabunoki (Machilus) W
Sieb. et Zucco
H- 52 " Lindera erythrocarpa Makino Kanakuginoki (Lindera) W
H- 52
H- 53 " Neolitsea aciculata Koidz. Inugashi (Neoli tsea) w
H- 53
H- 54 " Actinodaphne lancifolia Kagonoki (Actinodaphne) W
H- 54 Meissn.
H- 55 " Actinodaphne longifolia Baribarinoki (Actinodaphne) W
H- 55 Nakai
H- 56 Saxifraga- Hydrangea paniculata Sieb. Noriutsugi Panicle A
H- 56 ceae hydrangea
-
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Table 7. Hardwood timber species used in the decay test (Continued).
Common name***
No.* Family Botanical name** Source****
Japanese English
H- 74 Rutaceae Zanthoxyllum ailanthoides Karasuzansho (Toothache K
Sieb. et Zucco tree)
H- 75 II Phellodendron amurense Rupr. Kihada Amur cork tree W
H- 76 Simarouba- Ailanthus altissima Swingle Niwaurushi Tree of heaven K
ceae
H- 77 II Picrasma quessioides Senn. Nigaki (Bi tter wood) W
H- 78 Euphorbia- Mal lotus japonicus Akamegashiwa (Mal lotus) A
ceae Muel. Arg.
H- 79 II Daphniphyllum macropodium Yuzuriha (Daphniphyllum) W
H- 79 Miq.
-
H- 80 Anacardia- Rhus succedanea L. Hazenoki Japanese W
ceae wax tree
H- 81 II Rhus sylvestns Yamahaze (Sumac) W
Sieb. et Zucco
H- 82 II Rhus vemiciflua Stokes Urushi varnish tree A
H- 82
- Ilex crenata Thunb. Japanese holly WH- 83 Aquifolia- Inutsuge
ceae
H- 84 II Ilex macropoda Miq. Aohada (Holly) W
H- 84
H- 85 II !lex PO tunda Th unb. Kuroganemochi (Holly) W
H- 86 Aceraceae Acer crataegifolium Urikaede Hawthorn maple A
Sieb. et Zucco
H- 87 " Acer japonicum Thunb. Hauchiwakaede Fullmoon maple A
H- 88 II Acer mono Maxim. Itayakaede Painted maple A
H- 89 " Acer mono Maxim. Beniitaya (Maple) A




Table 7. Hardwood timber species used in the decay test (Continued).
Common name***
No.* Family Botanical name** Source****
Japanese English
H- 90 Aceraceae AceI' rufinerve Urihadakaede (Maple) W
Sieb. et Zucco
H- 91 " AceI' palmatum Thunb. Irohamomiji (Maple) W
H- 92 Hippocast- Aesoulus turbinata Blume Tochinoki Japanese horse- A
H- 92 anaceae chestnut
H- 93 Sapindaceae Sapindus mukurosii Gaerten. Mukuroji Soap nut tree W
H- 94 Sabiaceae Meliosma myriantha Awabuki (Meliosma) A
H- 94 Sieb. et Zucco
H- 95 " MeZiosma oldhami Miq. Yanbaruawabuki (Meliosma) K
H- 96 " MeZiosma ri~ida Yamabiwa (Meliosma) WSieb. et ucc.
H- 97 Rharnnaceae Hovenia dulcis Thunb. Kenponashi Japanese A
H- 97 raisin tree
H- 98 Elaeocarpa- Elaeocarpus japonicus Kobanmochi (Elaeocarpus) W
H- 98 ceae Sieb. et Zucco
H- 99 Tiliaceae TiZia japonica Simko Shinanoki Shina-lime W
H-lOO .. Ti Zia kiusiana Heranoki Kiushu-linden W
Makino et Shirasawa
H-lOl Actinidia- Actinidia polygama Maxim. Matatabi (Actinidia) A
ceae
H-102 Theaceae Camellia japonioa L. Tsubaki Camellia W
H-103 " Camellia sasanqua Thunb. Sazanka (Camellia) W
H-104 " Stewartia monadelpha Himeshara (Stewartia) W
H-104 Sieb. et Zucco
H-l05 " Ternstroemia japonica Thunb. Mokkoku (Ternstroernia) W
H-106 " Eurya ja:ponica Thunb. Hisakaki Japanese Eurya W
Table 7. Hardwood timber species used in the decay test (Continued).
No. * Family Botanical name**
Common name***














































Evodiopanax innovans Nakai ITakanotsume
KaZopanax semtemZobus Koidz. IMiyakodara
var. Zutchuense Nemoto





Comus macrophylZa Wall. IKumanomizuki
Clethra barbinervis IRyobu
Sieb. et Zucco
Rhododendron tashiroi Maxim. ISakuratsutsuji
Lyonia eZZiptica Okuyama









































Table 7. Hardwood timber species used in the decay test (Continued).






















































































































Table 7. Hardwood timber species used in the decay test (Continued).
Common name***
No.* Family Botanical name** Source****
Japanese English
H-137 Scrophula- Paulownia tomentosa Steud. Kiri Kiri W
riaceae
H-138 Caprifolia- Sambucus racemosa L. Niwatoko Red-berried A
ceae subsp. sieboldiana Hara elder
* Underlined figure represents a sapwood sample.
** According to Kitamura and Okamotos, "Coloured Illustrations of Trees and Shurubs of Japan"





Mainly according to Kishima, Okamoto and Hayashis' "Atlas of Wood in Colour" (Genshoku
Mokuzai Dai Zukan) , Hoikusha, Osaka and Tokyo, (l962), and occasionally to Barner r s "Die
Nutholzer der Welt" (Neudruck), Banden 1-4, Verlag von J. Cramer, Weinheim, (1961-1962).
The bracketed name is the general name of the genus.
The material was taken from the following sources:
A: Kyoto University Forests in Ashiu, Kyoto Pref., K: Kyoto Univeristy Forests in Kamigamo
Experimental Station, Kyoto Pref., W: Collection of Wood Research Institute, Kyoto University.
Loss of weight
Resistance (%)
I Very resistant 0 to 5
II Resistant 5 to 15
III Moderately resistant 15 to 25
IV Non-resistant 25 to 40
V Perishable over 40
According to this scheme, decay resistance of temperate hardwood
species is shown in Fig. 38 (P 92-P 95).
Thirty-two species were classified into class I and class II. Of
these species, Castanea crenata (H_29)89,134), ZeZkova serrata (H-35)
89,134) and MoTUs bombycis (H_39)89,96,134) are well known for their
higher decay resistance. It is conceivable that presence of tannins and
related compounds in C. crenata64 ), keyakinin and keyakino1 in Z. serrata
49), and oxyresveratol and resveratol in M. bombycis BO ) is mainly respon-
sible for the higher resistance of these speci~.
Ternstroemia japonica (H-I05) is known as a very resistant species
. . k 75 )aga1nst term1te attac . It is recognized that the cause of the re-
sistance is associated with the presence of saponins in the wood extrac-
. 75,96,131) th h th h' .
t1ves , oug e mec an1sm of the ant1termitic action has not
been elucidated satisfactorily. If saponins are also associated with
the higher resistance of T. japonica against C. gZobosum, surface and
hemolytic activities of saponins may play an important role in their
. f 1 t' 60)ant1 unga ac 10n _
Magnolia obovata (H_47)B9), Maackia amurensis var. buergeri (H-70)
90
134) b · . do· 89,134) Rh dan 131)Ro ~n~a pseu acac~a (H-73) , US succe ea (H-80)
77 • 0 0 75) d' d 'and Carne~~~a Japon~ca (H-I02) have been also eSlgnate as reslstant
species. The correlation between resistance and extractives has not yet
been established on these species, though various extractives have been
£ u ~. 127,128)identified, for example, alkaloids 0 {~agno~~a ,
h 59) . C 77' 52)tin of R US and saponlns of arne ~ ~~a .
fisetin and fus-
Information on the resistance of other species classified in class
I and class II could not be obtained. However, oxyresveratol and res-
.:J~ - - -cia 52)veratol have been isolated from CUU1'an~a t~cusp~ ta (H-41) and
52)MoY'us aZba (H-38) 0 Furansesqui terpene and paulownin may be partly
o 124)
responsible for the higher resistance in NeoZitsea ac~cuZata (H-53)
P Z - 113).and au own~a tomentosa (H-137) , respectlvely.
All Ericaceous species tested, i.e. Rhododendron tashiY'Oi (H-l16),
PieY'is japonica (H-117, 117), Lyonia eZ Uptica (H-1l8) and Vaccinium
bracteatum (H-ll9), were very resistant against C. gZobosum. Grayano-
o h O h 0 11 o. tho f 'I 125) b 1toxln, w lC 1S norma y occurrlng ln 1S aml y , may e part y
associated with the higher resistance of these species_ In addition,
f 0 0 • 0 p - - 91) d f 1 ' , doccurrence 0 p1erlstoxln ln _ Japon~ca , an 0 yonlatoxln an
L ZZ ' , 135,136)lyoniol in 0 e ~pt~ca has been reported,
C 'do h Z7 " 89) C· ho 134)erc~ ~p y ~um Japon~cum (H-43) , 1..nnamomum camp ra (H-49) ,
Vi t Z· (134 ,136) Dv,.,~ • • aks y 7..-um racemosum H-57) and £l"IA.FLUS saY'gent7..- subsp. Jamas UT'a
134)(H-61) were not so resistant in this experiment as expected from
their reputed resistance. On the contrary, Jug7..ans mandschUY'ica subsp_
- b td o (6)134) A7 h' -b- - 89) QS7..-e o~ ~ana H- , ~nus ~rsuta var. S7..- 7..-r7..-ca (H-l7) ,ueY'cus
t ( ) 89) P . d 7' 89) 7 b' 134)serY'a a H-32 , assan~a e u~~s (H-32) , Aescu~us tUT' ~nata (H-92)
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Fig. 38. Decay resistance of each hardwood timber species against
Chaetomium gZobosum. Number at leftmost corresponds with
the number of timber species shown in Table 7. Black and
white rectangles are illustrated as the weight loss value
in heartwood and sapwood samples, respectively.
.. 75) 'bl t dand EZaeocarpus Japon~cus (H-98) were not so suscept~ e as expec e .
Among species designated as non-resistant (class IV) and perishable
1 '" • 134) P 7' 't l'(class V), Popu~us m~mow~cz~~ (H-l) , opu~us n~gra var. ~ a~~ca
75) h 'f!: l' 89,134) l 1 t h 11(H-2) , Pter>ocarya r> o~Jo~~a (H-7, 2) , Betu a p~a yp y&~a var.
.. 75)' )134) C 'Japon~ca (H-14, 14) , Fagus cr>enata (H-19, 19 ,astanops~s cusp~-
da 75,134) Ul d 'd' " 3 3) 134) ,...ta (H-30) , . mus av~ ~ana var. Japon~ca (H-3 , -i ' ver>-
'd" h 71 • • ( 134) A1 b' .. 7'b" , ( )134)en. ~p y&~um Japon~cU17l H-43) ,~ ~zz~a JU~~ nss~n H-69 ,
PheZZodendron amurense (H-75) 134) , ~Zia japonica (H-99) 134) , Idesia
poZycarpa (H-107) 75,89) and KaZopanax septemZobus (H-lll) 75,89) have
long been known as non-resistant or perishable species,
From the results obtained here, decay resistance of heartwood
against C. gZobosU17I is classified on the family-base as follows:
Moraceae (excepting Broussonetia) and Ericaceae: very resistant,
Lauraceae and Leguminosae: resistant,
Fagaceae, Rosaceae and Aceraceae: moderately resistant to non-
resistant,
Betulaceae, Araliaceae and Oleaceae: non-resistant,
Salicaceae and Ulmaceae (excepting Zelkova): perishable,
Magnoliaceae and Theaceae: variable in resistance.
Such variances of decay resistance among families and species do
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not seem to be much different from those for Basidiomycotina found in
the literature.
Table 8 shows the results with the effect of methanol extraction
on decay resistance of heartwood samples of various hardwoods. Among
32 species of class I and class II, 25 species were tested. In addition,
4 species of class III, 1 species each of class IV and class V were
tested for comparison. Unexpectedly, a positive effect (higher percent
of weight loss in extracted blocks than that in non-extracted blocks)
was significant in only five species (H-29, 39, 68, 77 and 137) of class
I and class II. Such an effect was most pronounced in Paulownia tomen-
tosa (H-137). A negative effect (lower percent of weight loss in ex-
tracted blocks) was found in nearly a half of species tested. A positive
effect is possibly due to removal of toxic materials from wood. A non-
significant effect found in resistant species may be attributed to; (1)
insolubility of toxic materials in methanol, (2) insufficient removal
of toxic materials soluble in methanol, and (3) presence of factors other
than toxic materials. A negative effect in resistant species may be due
to; (1) inhibiting action of methanol remaining in wood after extraction
treatment, and (2) change in pH value caused by methanol extraction.
A negative effect in less resistant species probably resulted mainly
from a removal of nutrient substances during the extraction treatment.
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Table 8. Effect of methanol extraction on the decay resistance of 31
temperate hardwood timber species against Chaetomium globosum.
Content of Weight lass (%) Effect of
No.* methanol Non- Extracted extraction
extractives with on
(%) treated methanol decay**
H-105 1.48 0.63 1. 41
H- 39 6.38 1.33 6.B8 +
H- 77 2.18 1. 36 9.95 +
H-1l7 1. 73 1. 80 0.20
H-1l6 2.08 2.41 0.07 -
H-137 7.92 3.14 42.06 +
H-1l9 3.10 3.58 2.27
H-134 0.B5 3.69 2.89 -
H- 38 4.77 5.63 6.42
H- 6B 5.97 7.79 17.74 +
H- 81 12.22 7.79 2.40 -
H- 80 10.61 8.36 8.22
H- 55 0.77 8.69 5.34 -
H- 71 4.83 8.69 7.82
H-138 0.90 8.94 3.18 -
H- 83 2.72 9.92 5.61 -
H- 35 10.98 10.18 9.07
H- 29 8.09 10.32 16.86 +
H-I02 0.64 10.84 lL86
-
H-1l8 3.47 11. 39 5.48 -
H-135 4.09 12.12 7.13 -
H- 47 2.00 12.44 25.26
H- 53 1.41 12.68 10.69
H- 41 0.67 13.53 6.72
-
H- 98 10.00 14.60 7.82 -
H- 74 1.46 16.63 8.80
-
H- 82 5.02 19.64 10.45
-
H-I01 2.16 23.35 10.37
-
H- 72 2.78 24.88 18.69
H- 19 1. 02 36.63 32.47
H- 45 0.77 42.01 14.40
-
* See Table 7.
** Examined at 1 % level of significance by t-distribution.
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3-2 . 119)Tropical (Southeast AS1an) hardwoods
Materials and Methods
The wood species used are listed in Table 9. Most of them are im-
portant species in their native countries. Sixty-four species covered
22 families, including 25 genera. Sampling of test blocks was made only
from the heartwood portion which is regarded as commercially useful,
since timbers with whole portion of heartwood were not obtained in this
experiment. In addition to C. g~obosum, a white rot fungus, Corio~us
versico~or Quel. (FES 1030), was used for comparison. Based on the re-
suIts described in Chapter 1, the composition of the nutrient solution
for C. versicoZor was modified as follows:
KH2P04 3.0 g, MgS04"7H20 2.0 g, peptone 5.0 g, malt extract 10.0 g,
glucose 25.0 g and distilled water 1000 mI.
The size of blocks, and procedures of decay tests and methanol ex-
traction are the same as mentioned in 3-1.
Results and Discussion
Weight loss in percent was not over 40 % for all the species used
excepting T-IB and T-63. To facilitate the discussion, decay resistance
was divided into four classes. Class I, II and III are based on the
same scheme described in 3-1 but class IV represents the case in which
the loss of weight is ov"er 25 %. Tables 10 and 11 show the sUlllIllarized
results with the decay resistance of 64 species with specific gravity
and content of methanol extractives. From Table 10 it can be seen that
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Table 9. Tropical hardwood timber species used in the decay test.
Rasamala (In), Jutili (Ind). I In
Merbatu (In), Ampili, Karup I Sab
daun pandj ang, Katutukan, Ubah
ubah leber daun (In), Membatu,
Mentelor, Kemalau (Sab).
Petaling (In, Mly, Br), Peti- I In
kal (Swk, Br), Tanggal (Sab) ,
Amin, Lembasung, Pilung, Satan
bagiuk, Tilokot, Tumbung asu
(In) .
Kulim (Mly, In), Ungsumah 1 In
(Swk), Bawan, Kasino, Madudu,
Sinduk (In), Bawang hutan (Swk,
Mly, Sab, Br), Bawing hutan
(Br) .
Belian (In, Sab, Swk), Uling, I Sab
Ulin, Oelin, anglen, Bulian,
Bandjudjang, Talihan, Tihin,
Tabulin (In), Tambulian (Ph).
Ibid. \ In
No. I Family Botanical name*
T- 1 I Fagaceae Castanopsis argentea A. DC.
T- 2 I " Quel'C?Us sp.
T- 3 I " Quercus sp.
T- 4 IOlacaceae Ochanostachys amentacea
Mast.






T- 6 ILauraceae I EusideroxyZon zwageri
Teysm. et Binn.
T- 7 I " I Eusideroxy Zon zwageri
Teysm. et Binn.
T- 8 I Hamamelida- Attingia exceZsa Noronha
ceae




















































Sono keling, Angsana keling,
Java palissandre (In), Rose-
wood (Ind, Bma), East Indian
rosewood (Ind) , Bombay black-
wood, Blackwood (Sma).
Merbau (In, Mly, Sab), Kwila
(NG), Lurn-pho, Lumpaw,
Makamong (Th).
Kempas (In, Mly, Swk), Empas
(8ab), Impas (Sab, In), Pah,
Mengeris, Upil (In).
Trembesi (In), Rain tree
Acacia, Monkey pod.
Kedondong (Mly, Br, Sab),
Keranti lichin (Mly), Lalan,
Longori, Peongga, Tapi tapi,
Merambang (In).
Barnbangan (Sab).













Table 9. Tropical hardwood timber species used in the decay test (Continued).
...... T-23 I Dipterocarpa- ! Anisoptera aostata Korth.0
N ceae
T-24 I II Anisoptera sp.
T-25 I II BalanocarpUB heimii King
T-26 I II I CotyZeZobium sp.T-27 I " Dipteroaarpus confertus
V. 51.
T-28 I " I DipterocarpuB grandi florus
Blanco
T-29 j II Dipterocarpus sp.
T-30 I .. Dipte~ocarpus sp .
T-31 I " DryobaZanopus aromatica
Gaertn. f.
\ \
Chenga1, Penak (Mly), Takien I Sin
chan (Th).
Giam (In), Resak (Mly). I In
Keruing kobis (Sab, Swk, Br), Sab
Keruing ternpurung (In).
Keruing belimbing (Sab, Mly), I Sab




Kapur (Mly), Kapur biasa (Sab), Sin















Kasai (Sab, Swk), Kasai daun
besar (Mly) I Ma1ugai (Ph),
Truong (Viet), Matoa, TallO




Puspa (In), Medang gatal (Sab,
Mly), Ketinchi pudi (Br),
Talo, Mangtan (Th), Gegata
(Mly) ,
Pengiran kesat, Mersawa daun
lebar, Mersawa kesat, Kakan,
Perapat hutan, Mersawa (Sab,
5wk, Br I In).







Table 9. Tropical hardwood timber species used in the decay test (Continued) .
No. I Family Botanical name* I Vernacular name** Isource***
T-32 I Dipterocarpa- DryobaZanopus keithii Sym. I Kapur gurnbiat (8ab), Kalam- I 8abceae pait, Malampait, Santjulit,
Tua1i (In) .
T-33 I " I Hopea ferruginea Parijs. I 8elangan mata kuching (Sab) , I Sab
Luis merah (Swk, Br),
Merawan dasal (In) .
T-34 I " I Hopea sangaZ Korth. I Gagi1 (Sab), Merawan siput I Sab(Mly) , Tjengal (In) .
T-35 I " I Parashorea sp. Urat mata- (sab) . 8ab
T-36 I " I Shol'ea faUax W. Miejer 8eraya daun kasar (8ab).
Sab
T-37 " Shorea gysbertsiana Burck Kawang jantong (Sab), Engka- Sab
bang jantong (Swk, Br),
I-'
T-38 I I I Tengkawang telur (In) .0w " Shol'ea ZeprosuZa Miq. Seraya tembaya (8ab), Meran- I Sab
ti tembaya (8ab, In), Meran-
ti tembaga (M1y, Swk, Br) ,
Saya (Th).
T-39 I " I Shol'ea macroptera Dyer I 8eraya me1antai (8ab) , I Sab
Meranti me1antai (Mly, Swk,
Br), 8aya (Th).
T-40 I " I Shol'ea ovaZis B1. I 8eraya kepong (8ab) , Meranti I 8ab
kepong (Mly, Swk, Br),
Meranti ke1ungkung (In) .
T-41 I " I Shorea parvifoZia Dyer I Seraya punai (Sab), Meranti I Sab
serang punai (Mly, In),
Meranti samak (8wk, Br).
T-42 I " I ShoPea platycarpa Helm I serayci. paya (8ab), Meranti I Sab
paya (Mly, swk, Br, In).













































Shorea hypoleuca W. Meijer
Shorea laevis Ridl.
Shorea leptoderma W. Meijer
Shorea sp.
Shorea sp.






Melapi agama (Sab) I Meranti





Seraya kuning gajah (Sab),
Lun gajah (Swk, Br), Damar
hitam gajah (Mly) I Damar
buah (In).
Seraya kuning jantan (Sab),
Lun jantan (Swk, Br), Damar
kunjit, Maru kuning (In).
Selangan batu tembaga (Swk,
Br), Balau tembaga (Mly) I
Balau laut batu (In).
Selangan batu kelabu (Sab).
Selangan batu kumus (8ab,
Swk, Br), Balau kumus (Mly),
Balau tanduk (In).























































(In), Bungor, Bungor ayer
(Mly), Pinma (Bma), Banlang
(Viet), Intanin (Th), Banaba
(Ph), Jarul (Ind, Pak).
Lara (In).
Kaju malam, Kaju hitam,
Balam ayer, Bali, Tekam garam,
Merpinang (Sab, Swk, Br),
Kaju arang, Meribut, Siangus
(Mly) , Kaju arang siamang,
Loting, Oela, Tonga, Banjan
hitam, Itam, Kiling, Kising,
Mitem, Salam bibit, Tulang
tadung (In).
Tembesu, Anrali, Kolahi,
Nosoe (In), Tembesu padang
(Mly, Br, Swk), Temasuk (Sab),
Urung (Ph), An an , Ananma,
Burma yellow heart (Bma), Kan-
krao, Tetrau, Trai (Cam).
Pulai-(In, Mly).













., ** Mainly according to SUdo's IITropical Woods" (Nanyozai), Chikyu Shuppan, Tokyo, (1970).
Bma: Burma, Br: Brunei, Cam: Cambodia, In: Indonesia, Ind: India, Mly: Malaya, NG: New
Guinea, Pak: Pakistan, Ph: Philippine, Sab: Sabah, Swk: Sarawak, Th: Thailand, Viet:
Vietnam.
*** Name of the organization which kindly offered the specimen.
In: Forest Products Research Institute, Bogor, Indonesia.
Sab: COnservator of Forests, Forestry Department, Sandakan, Sabah.
Sin: Trade Division, Ministry of Finance, Singapore.
the higher average specific gravity and the more amount of methanol ex-
tractives of the wood. species result in the more resistant class in both
cases of test fungi. As shown in Table II, this tendency was statisti-
cally significant, and the relationship between specific gravity and
decay resistance was most pronounced for C. versicolor.
When using C. gZobosum, there are more wood species belonging to
class I and fewer in class IV than when using C. versicolor. It has
been reported that decay by soft rot fungi, even under favorable condi-
tions, occurs more gradually than that by Basidiomycotina does6 ) .
From the data obtained here, it may be possible to generalize that
dense or extractive-rich species are more resistant to decay, though the
more resistant species do not always fit into the rule. The specific
gravity and the amount of extractives are frequently associated with
each other reciprocally. High densities in BaZanocarpus heimii (T-25),
Shorea Zaevis (T-52) and Vatica micrantha (T-56) may be associated with
their high content of methanol extractives (see Table 12), but dense and
resistant species called "Se l angan batu" or "Balau" do not contain so
great a quantity of extractives (see T-50, 51, 53, 54 and 55 in Table
12), with the exception of T-52.
Shorea spp. have been usually divided into four groups, namely red
meranti, white meranti, yellow meranti and Selangan batu, according to
their specific gravity, hardness and color. T-36 to 44 belong to red
meranti, T-45 to 47 to white meranti, T-48 and T-49 to yellow meranti,
Md T-50 to 55 to Selangan batu group. Fig. 39 shows the relationship
between the percent of weight loss due to decay by C. versicolor and
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Table 10. Summarized data for the decay resistance, specific gravity and content of methanol
extractives of 64 tropical hardwood timber species.
Ftmgus Chaetomium globosum Coriolus versicolor
Class in decay resistance* I II III IV I II III IV
Average spec~fic gravity 0.75 0.64 0.56 0.53 0.80 0.64 0.60 0.48
Average content of 5.11 2.76 2.32 2.07 5.54 3.22 2.78 2.11
methanol extractives (%)
Number of species 24 18 19 3 20 15 18 11




Table 11. Statistical significance among four classes in decay resistance (see Table 10) of 64
tropical hardwood timber species in relation to the specific gravity and the content
of methanol extractives.
Fungus Chaetomium globosum Coriolus versicolor






Sped fic gravity II 2.381** ~ 2.077** 1.420 5.177*** - 0.878 3.592***
III 4.153***2.077** - 0.347 5.674***0.878 - 2.637**
IV 2.150** 1. 420 0.347 - 7.336***3.592***2.637** -
C1ass* I II III IV I II III IV
Content of methanol I - 2.484** 3.317***1.468 - 2.338** 3.153***3.103***
II 2.484** - 1.158 0.977 2.338** - 0.542 0.702.
extractives III 3.317***1. 158 - 0.369 3.153***0.542 - 1. 684
IV 1. 468 0.977 0.369 - 3.103***0.702 1.684 -
* Weight loss due to decay, I: 0-5 %, II: 5-15 %, III: 15-25 %, IV: over 25 %.
** Significant at 5 % level by t-distribution.
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Fig. 39. Relationship between weight loss of Shorea spp. due to. decay
by CorioZus versicolor and their specific gravity (number on
each plot corresponds with the number of timber species shown
in Table 9).
original specific gravity of 20 Shorea species. It suggests that the
correlation between decay resistance and specific gravity is highly'sig-
nificant in this case.
In Tables 12-15, specific gravity, content of methanol extractives,
weight loss of non-extracted and extracted blocks due to decay., and the





Table 12. Weight loss, specific gravity and content of methanol extractives
of tropical hardwood timber species in class 1*
Chaetomium gZobosum CorioZus versicoZor
Specific Content of Weight loss (%) Effect of Weight loss (%) Effect of
No.** methanol Non- Extracted extraction Non- Extracted extraction
gravity extractives with on with on
(%) treated methanol decay*** treated methanol decay***
T- 4 0.66 4.19 1. 38 1.43 2.29 2.59
T- 5 0.68 1. 32 0.30 0.14 1.48 2.43 +
T- 6 0.98 3.82 1.22 0.41 1.04 0.60
T- 7 0.84 7.85 1. 30 1.04 0.94 0.46
T-10 0.71 9.19 1.20 11. 78 1.51 10.44 +
T-l1 0.67 11.47 2.02 2.21 2.47 12.33 +
T-19 0.98 2.64 2.03 4.52 + 2.77 2.60
T-22 0.52 1.44 0.61 1. 75 class III
T-25 0.80 11.93 0.64 3.12 + 0.78 6.75 +
T-26 0.77 10.26 0.18 3.03 + 0.41 8.39 +
T-34 0.65 6.29 0.85 16.38 + 0.15 18.87 +
T-39 0.46 1.96 3.06 1.00 - class II]
T-40 0.56 2.33 2.89 3.17 class II
T-45 0.58 5.18 0.67 13.56 + class II




Table 12. Weight loss, specific gravity and content of methanol extractives
of tropical hardwood timber species in class 1* (Continued).
Chaetomium globosum Coriolus versicolor
Specific Content of Weight loss (%) Effect of Weight loss (%) Effect of
No.** methanol Non- Extracted extraction Non- Extracted extraction
gravity extractives with on with on
(!iI) treated methanol decay*** treated methanol decay***
T-51 0.85 3.05 1.30 1. 79 1.90 1. 80
T.;..52 0.82 10.24 0.40 2.19 + 0.81 4.17
T-53 0.89 2.54 1.67 7.36 + 1.97 3.20
T-54 0.92 2.81 1. 52 7.40 + 2.60 1. 80 -
T-S5 0.78 3.53 2.18 4.03 1.88 2.80 +
T-56 0.84 8.17 1. 87 23.76 + 4.14 8.69 +
T-58 0.64 1.27 0.86 1. 36 1.47 0.37
T-59 0.85 1.72 class II 4.23 3.33
T-61 0.90 5.08 l.83 10.70 + 4.16 4.39
+,-62 0.68 2.78 4.36 8.06 + class II
~ Weight loss due to decay, 0-5 ,.
'If* See Tqb+.e 9.




Table 13. Weight loss, specific gravity and content of methanol extractives
of tropical hardwood timber species in class 11*.
Chaetonrium gtobosum Coriotus versicolor
Specific Content of Weight loss (% ) Effect of Weight loss (%) Effect of
No.** methanol Non- Extracted extraction Non- Extracted extraction
gravity extractives with on with on
(%) treated methanol decay*** treated methanol decay***
T- 1 0.62 6.46 7.31 20.67 + 11.17 22.43 +
T- 2 0.70 2.35 class II 12.43 10.86
T- 3 0.79 1.05 class IV 14.27 11.84
T- 9 0.62 1.63 14.54 11.46 8.44 9.66
T-12 0.69 1. 57 13.87 10.55 class II
T-13 0.59 4.80 8.49 21. 78 + 9.54 10.53
T-16 0.69 2.41 5.57 4.87 - 8.06 7.38
T-17 0.74 2.10 14.29 11. 70 class III
T-2l 0.57 1.09 class II 12.85 24.58 +
T-23 0.52 2.79 class II 14.97 15.94
T-27 0.76 3.90 14.22 8.23 - class II
T-28 0.68 9.70 6.24 9.01 11.49 12.21
T-3l 0.66 3.68 5.21 4.90 class III
T-32 0.70 1. 91 8.89 4.32 - class III




Table 13. Weight loss, specific gravity and content of methanol extractives
of tropical hardwood timber species in class 11* (Continued).
Chaetomium globosum Coriolus versicolor
Specific Content of Weight loss (%) Effect of Weight loss (%) Effect of
No. ** methanol Non- Extracted extraction Non- Extracted extraction
gravity extractives with on with on
(%) treated methanol decay*** treated methanol decay***
T-40 0.56 2.33 class I 12.71 8.17 -
T-41 0.68 2.21 10.18 13.62 + 11.09 8.02
T-42 0.46 1.47 11.61 17.01 + class III
T-43 0.49 2.90 8.51 5.83 class III
T-44 0.44 3.06 6.73 6.71 class III
T-45 0.58 5.18 class I 11. 92 27.01 +
T-47 0.55 3.80 8.35 11. 97 class IV
T-57 0.64 1. 81 class III 8.62 9.58
T-59 0.85 1. 72 7.41 6.43 class I
T-62 0.68 2.78 class I 6.87 12.99
T-64 0.71 1.68 6.71 8.36 14.97 11. 74
~ Weight loss due to decay, 5-15 %.
** See Table 9.




Table 14. Weight loss, specific gravity and content of methanol extractives
of tropical hardwood timber species in class 111*.
Chaetomium globosum Coriolus versicolor
Specific Content of Weight loss (%) Effect of Weight loss (lk) Effect of
No.** methanol Non- Extracted extraction Non- Extracted extraction
gravity extractives with on with on
(%) treated methanol decay*** treated methanol decay***
T- 2 0.70 2.35 19.84 20.97 class II
T- 8 0.63 2.73 23.81 35.45 24.52 35.79
T-12 0.69 1.57 class II 17.78 10.98
T-14 0.70 1.28 15.93 22.88 class IV
T-15 0.68 2.08 16.93 14.89 22.98 10.33
T-17 0.74 2.10 class II 16.47 18.34
T-20 0.54 3.01 16.91 17.24 16.04 12.22
T-21 0.57 1.09 16.28 14.84 class II
T-22 0.52 1.44 class I 18.67 18.34
T-23 0.52 2.79 19.51 26.12 + class II
T-24 0.50 3.24 21.62 28.95 + 18.42 45.12 +
T-27 0.76 3.90 class II 17.76 13.16
T-29 0.60 3.16 21.16 28.42 + 20.14 29.12 +
T-30 0.76 5.47 16.15 24.89 + 21.08 23.76
T-31 0.66 3.68 class II 20.39 16.54
T-32 0.70 1. 91 class II 22.97 16.30 -




Table 14. Weight loss, specific gravity and content of methanol extractives
of tropical hardwood timber species in class III* (Continued).
Chaetomium gZobosum CorioZus versicoZor
Specific Content of Weight loss (%) Effect of Weight loss (%) Effect of
No.** methanol Non- Extracted extraction Non- Extracted extraction
gravity extractives with on with on
(%) treated methanol decay*** treated methanol decay***
T-35 0.59 0.50 24.93 29.42 class IV
T-36 0.39 1.34 16.26 15.93 class IV
T-37 0.38 1.72 21.15 13.79 - class IV
T-38 0.38 2.79 16.05 11. 37 - class IV
T-39 0.46 1.96 class I 21.51 8.31 -
T-42 0.46 1.47 class II 17.53 23.04
T-43 0.49 2.90 class II 22.35 30.43
T-44 0.44 3.06 class II 21.60 22.83
T-46 0.50 2.18 16.99 17.51 17.68 29.34
T-49 0.36 3.30 22.56 34.04 + class IV
T-57 0.64 1.81 16.51 6.63 - class II
T-60 0.44 1. 85 16.42 15.11 class IV
T-63 0.71 1. 48 19.83 22.61 class IV
* Weight loss due to decay, 15-25 %.
** See Table 9.




Table 15. Weight loss, specific gravity and content of methanol extractives
of tropical hardwood timber species in class IV*.
Chaetorrriwn globoswn Coriolus versicolor
Specific Content of Weight loss (%) Effect of Weight loss (% ) Effect of
NO.** methanol Non- Extracted extraction Non- Extracted extraction
gravity extractives with on with on
(%) treated methanol decay*** treated methanol decay***
T- 3 0.79 l.05 30.98 30.31 class II
T-14 0.70 1.28 class III 29.07 7.64 -
T-l8 0.38 2.47 50.05 39.06 - 57.94 27.19 -
T-35 0.59 0.50 class III 26.20 22.92
T-36 0.39 l. 34 class III 29.96 30.63
T-37 0.38 l.72 class III 34.08 30.08
T-38 0.38 2.79 class III 25.54 12.38
T-47 0.55 3.80 class II 25.49 33.64
T-48 0.43 2.70 25.89 38.11 + 27.03 36.99 +
T-49 0.36 3.30 class III 34.94 25.31
T-60 0.44 1. 85 class III 30.48 18.41
T-63 0.71 1.48 class III 41.04 27.46
* Weight loss due to decay, over 25 %.
** See Table 9.
*** Examined at 1 % level of significance by t-distribution.
As seen in Table 12, the majority of the very resistant species
were common to both two test fungi; all species (with only one exception
of T-59) assigned to class I by their decay resistance to C. versicolor
were classified also in the same class in the case of C. globosum.
Such a trend, however, did not hold for the other classes of decay resist-
ance, reflecting the generally higher decaying ability of C. versicolor
and the different preferences for wood species in the test fungi. Ex-
amination for significance in percent of weight loss in non-extracted
blocks between the two test fungi indicated that only 6 species were
more susceptible to C. globosum than to C. versicolor, and 27 species
were more susceptible to C. versicolor, and the remaining 31 species
were equally susceptible to both fungi. Particularly, Quercus spp.
(T-2 and 3) and GOnystylus sp. (T-57) were more susceptible to C. gto-
bosum, and likewise T-22, 31, 32, 36, 37, 39, 40, 43, 44, 47, 60 and 63
were more susceptible to C. versicolor.
In contrast with the case of temperate hardwoods, a positive effect
of methanol extraction was found in as many as 17 species and a negative
effect only in 4 species among the 42 in class I and class II when tested
with C. globosum. In the case of C. versicolor, a positive effect was
found in 11 species and a negative effect in 3 species among the 35 in
these classes. A positive effect common to both fungi occurred in only
10 species (T-2, 10, 24, 25, 26, 29, 34, 45, 48 and 56). This suggests
that the two test fungi have different sensitivities to wood extractives.
T-13, 23, 33, 49, 53, 54 and 60, in particular, showed a pronouncedpos-
itive effect when tested with C. globosum, and T-ll, 21 and 46, likewise,
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showed a pronounced positive effect when tested with C. versicolor.
T-14, 18, 39 and 57 showed a remarkable negative effect. A negative
effect has often been observed in the extractive-poor and less resistant
species such as beech wood (Fagus crenata). Consequently, it is possible
to attribute such an effect to the removal of substances from wood blocks




The wood species used are listed in Table 16. Forty-five species
of softwoods covered 9 families, including 25 genera. Heartwood samples
were taken as near as possible from the intermediate portion. Sampling
of sapwood samples was made also from the middle part. C. globosum and
C. versicolor were used as test fungi. The size of blocks, composition
of the nutrient solutions, and procedures of decay tests and methanol
extraction were the same as described in 3-1.
Results and Discussion
Decay resistance of 45 softwood species against C. globosum and C.
versicolor is illustrated in Fig. 40. Very low decaying ability in C.
globosum was confirmed here for various softwood species. Also C. ver-
sicolor could not cause severe weight loss of softwoods, as expected
from its hardwood-preference. For the convenience of discussion, decay
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Table 16. Softwood timber species used in the decay test.
Corrunon name***




Abies sachalinensis Fr. Schm.1 Todomatsu
Ahies sachaUnensis Fr. Schm.1 Aotodomatsu
var. mayriana Miyabe
et Kudo








































































































































































Pinus pentaphy t"La Mayr.
Pinus thw7bergii' ParI.
Pinus tabuZaefor'!tris Carr.




















































Table l6. Softwood tLffiber specLes used Ln the decay test ~Cont1nUed).
Common name***










































































































* Underlined figure represents a sapwood sample.
** According to Kitamura and Okamotos' "Coloured Illustrations of Trees and Shurubs of Japan"
(Genshoku Nippon Jumoku Zukan), Hoikusha, Osaka and Tokyo, (1960).
*** Mainly according to Kishima, Okamoto and Hayashis I "Atias of Wood in Colour" (Genshoku
Mokuzai Dai Zukan), Hoikusha, Osaka and Tokyo, (1962), and occasionally to Ba.n'ler's "Die
Nutholzer der Welt" (neudruck), Banden 1-4, Verlag von J. Cramer, Weinheim (1961-1962).
The bracketed name is the general name of the genus.
**** The material was taken from the following sources:
A: Kyoto University Forests in Ashiu, Kyoto Pref., K: Kyoto University Forests in Kamigamo
Experimental Station, Kyoto Pref., S: Trade Division, Ministry of Finance, Singapore,
W: Collection of Wood Research Institute, Kyoto University.
Weight Loss due to Decay (°/0)
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Class in Decay Resistance
Fig. 40. Decay resistance of Bach -60ft~ood timbe~ species against
Chaetomiwn globosum and CoI'iolus versicolor. Number at left-
most corresponds with the number of timber species shown in
Table 16. Black and white rectangles are illustrated·as the
weight loss value in heartwood and sapwood samples, respective-
ly.
resistance of softwoods was divided into four classes as follows:
A' loss of weight o to 5 (%) ,•
B' loss of weight 5 to 10 (%),,
Cj loss of weight 10 to 15 (%) ,
Dj loss of weight over 15 (%) •
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On the decay resistance of softwoods, it is generally accepted that
most species in Pinaceae are more susceptible to fungal attack than
those in Taxodiaceae and Cupressaceae. As seen in Fig. 40, such a tend-
ency was apparent in both cases of C. globosum and C. versicolor, though
the magnitudes of variance in decay resistance are not in the same order.
Effect of methanol extraction of heartwood samples of various soft-
woods is shown in Tables 17-20. Tables 21 and 22 show the summarized
data for decay resistance and effect of methanol extraction related to
content of methanol extractives in wood. A positive effect was signifi-
cant in Abies sachalinensis (5-10), Pinus densij10ra (5-20) and Pinus
thunbergii (5-22) in both cases of C. globosum and C. versicolor. In
P. densij1ora, a positive effect was observed again, when tested with
other wood-decaying fungi as shown below120) :
Loss of weight (%)
Fungus Non- Methanol-
treated treated
Coniophora puteana 3.02 26.33
Serpula lacrymans 9.81 40.55
Ganoderma lucidwn 2.62 8.06
Lenzites betulina 2.82 17.67
As is evident from Table 22, frequencies of positive effect were
equal in both cases of C. globosum and C. versicolor. However, positive
effect common to both fungi occurred in above-described 3 species only.
In the case of C. globosum, a positive effect was found mainly in the
species of Pinaceae (IO species among the 13), and was not found in those





Table 17. Effect of methanol extraction on the decay resistance of softwood timber species
against Chaetomium globosum and CoPiolus versicolor in class A*.
c. globosum C. versicolor
Content of Weight loss ('is) Effect of Weight loss ('is) Effect of
No.** methanol Non- Extracted extraction Non- Extracted extraction
extractives with on with on
('is) treated methanol decay*** treated methanol decay***
s- 1 1. 36 0.68 2.08 + class C
s- 2 13.34 0.51 0.04 0.00 7.34 +
s- 3 5.21 1.94 0.00 0.51 6.52 +
s- 4 1.45 0.00 2.01 + 4.92 6.10
s- 5 1. 39 0.10 0.89 class B
s- 6 1.01 0.68 3.14 + 3.52 4.43
5- 7 1.55 1.09 0.15 class B
S- 8 1.12 0.94 1. 31 class C
S- 9 2.76 4.37 1.72 - class B
S-lO 7.47 0.59 5.81 + 2.09 21. 23 +
S-l1 2.76 2.61 4.81 class D
5-12 1.11 1.46 0.00 class C
S-13 3.88 2.87 2.10 class B
5-14 3.13 4.12 3.24 class D
S-16 1.19 2.83 8.34 + class D
5-17 1.83 0.82 3.14 + class B




Table 17. Effect of methanol extraction on the decay resistance of softwood timber species
against Chaetomium gZobosUffl and Coriolus versicolor in class A* (Continued).
C. globosum C. versicoZor
Content of Weight loss (%) Effect of weight loss (%) Effect of
No. ** methanol Non- Extracted extraction Non- Extracted extraction
extractives with on with on
(%) treated methanol decay*** treated methanol decay***
8-20 8.68 0.00 6.45 + 0.00 14.48 +
8-21 7.72 1.64 3.00 2.93 17.38 +
5-22 7.17 2.02 5.53 + 2.81 9.59 +
8-23 1.58 2.27 2.37 class 8
5-26 1.16 2.37 0.34 class C
5-27 1. 67 1.22 3.69 + class C
8-32 8.54 2.41 0.15 - 1. 35 10.08 +
8-33 10.18 0.06 0.00 1.19 11.23 +
8-34 4.28 0.03 0.00 class C
5-35 4.48 0.21 0.00 class C
8-36 0.83 4.92 4.22 class D
5-37 6.68 0.00 1.44 class 8
8-38 6.05 1.24 0.84 1.63 7.57 +
8-39 10.72 1.84 0.13 class 8
5-40 5.32 0.31 0.00 class 8
5-41 6.97 0.87 0.03 class C




Table 17. Effect of methanol extraction on the decay resistance of softwood timber species
against Chaetomium globosum and Coriolus versicolor in class A* (Continued).
C. globosum C. versicolor
Content of Weight loss (%) Effect of Weight loss (%) Effect of
No.** methanol Non- Extracted extraction Non- Extracted extraction
extractives with on with on
(%) treated methanol decay*** treated methanol decay***
S-43 9.03 3.14 1. 54 - 1.09 9.49 +
S-44 3.36 0.00 0.06 class B
S-45 2.48 0.00 0.14 class B
Ave. - 1.43 1. 87 - 1.84 10.45 -
* weight loss due to decay, 0-5 %.
** See Table 16.
*** Examined at 1 % level of significahce by t-distribution.
Table 18. Effect of methanol extraction on the decay resistance of softwood timber species
against Chaetomium globosum and Coriolu$ versicolor in class B*.
C. globoswn c. versicolor
Content of Weight loss (%) Effect of Weight loss (%) Effect of
No.** methanol Non':' Extracted extraction Non- Extracted extraction
extractives with on with on




s- 5 1.39 class A 9.46 11. 50
s- 7 1.55 class A 8.48 22.91 +
5- 9 2.76 class A 6.81 11. 98
5-13 3.88 class A 6.80 16.29 +
S-17 1.83 class A 7.06 9.71
5-19 0.93 class A 7.22 9.43
5-23 1.58 class A 8.58 15.83
S-24 1. 35 7.30 6.60 class D
5-25 0.97 9.00 17.00 + class D
5-29 2.21 7.34 9.97 class D
5-30 1.39 7.94 2.87 - class C
S-31 0 •. 90 7.39 16.00 + class D
S-37 6.68 class A 9.50 9.42
S-39 10.72 class A 9.71 11. 88
5-40 5.32 class A 6.11 18.67 +
S-42 4.52 class A 5.91 9.17
S-44 3.36 class A 9.87 16.86
8-45 2.48 class A 8.62 10.74
Ave. - 7.79 10.49
- 8.01 13 .41 -
* Weight loss due .to decay, 5-10:~.
** See TaPle 16.




Table 19. Effect of methanol extraction on the decay resistance of softwood timber species
against Chaetomium gZobosum and Coriolus versicolor in class C*.
I
c. globoswn C. versicoZor
Content of Weight loss (%) Effect of Weight loss (%) Effect of
No.** methanol Non- Extracted extraction Non- Extracted extraction
extractives with on with on
(%) , treated methanol decay*** treated methanol decay***
5- 1 ... 1.36 class A 12.94 7.02
8- 8 1.12 class A 13.76 10.64
5-12 1.11 class A 11.48 9.35
5-15 1.68 10.95 11.99 class D
8-18 2.35 10.54 16.27 + 12.16 12.77
5-26 1.16 class A 12.59 21. 03
8-27 1.67 class A 14.98 24.02
5-28 1.52 10.20 24.80 + class D
8-30 1. 39 class B 12.94 20.46
5-34 4.28 class A 14.11 16.35
5-35 4.48 class A 10.85 13.92
8-41 6.97 class A 12.08 20.64 +
Ave. - 10.56 17.69 - 12.82 15.62 -
* weight loss due to decay, 10-15 %.
** 5ee Table 16.




Table 20. Effect of methanol extraction on the decay resistance of softwood timber species
against Chaetomium gZobosum and Co~ioZus versicolor in class 0*.
c. globosum c. veY'sicoZor
Content of Weight loss (%) Effect of Weight loss (%) Effect of
No.** methanol Non- Extracted extraction Non- Extracted extraction
extractives with on with on
(lis) treated methanol decay*** treated methanol decay***
5-11 2.76 class A 15.84 19.67
8-14 3.13 class A 24.89 18.36
8-15 1. 68 class C 25.07 30.56
8-16 1.19 class A 22.87 16.21
5-24 1. 35 class B 50.53 46.05
8-25 0.97 class B 19.16 12.35
5-28 1.52 class C 22.38 9.98 -
8-29 2.21 class B 28.44 15.73
5-31 0.90 class B 17.02 14.88
8-36 0.83 class A 15.42 14.77
Ave. - - - - 24.16 19.86 -
* Weight loss due to decay, over 15 lis.
** See Table 16.
*** Examined at 1 % level of significance by t-distribution.
tive effect occurred scattering in several families. Different effects
of extraction in a species were found in a few species (5-28, 32 and
43). Such a phenomenon was pronounced in Pinus nigra (5-28) _ Different
sensitivities to wood extractives for the two test fungi were found in
tropical woods, too (see 3-2).
As shown in Table 17, average weight loss values of non-treated and
treated blocks were 1.43 and 1.87 (%) in the case of C. globosum, and
1.84 and 10.45 (%) in C. versicolor, respectively. This suggests that
when decayed by C. versicolor methanol extraction was more significant
for species in class A than decayed by C. globosum.
Average content of methanol extractives in the species in class A
was higher than that of other classes in the case of C. versicolor
(Table 21). Such a trend was verified statistically as shown in Table
23. Furthermore, average content of methanol extractives in the species
which showed a significant positive effect was higher than others (Table
22). This was also con firmed- stati~tically ~~le 23). Consequently,
in the case of softwoods as well as tropical hardwoods, it may be con-
cluded that extractive-rich species are more resistant against C. versi-
color and that the greater part of such species become less resistant
after methanol extraction. However, such tendency did not hold exactly
for C. globosum in both cases of hardwoods and softwoods. From the re-
sults obtained here, it can be concluded that the role of wood extract-
ives is generally insignificant for softwoods which show the higher
resistance against soft rot fungi.
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Table 21. Summarized data for the decay resistance of 45 softwood timber species
against Chaetomium globosum and Coriolus versicolor.
Fungus C. globosum C. versicolor
Class in decay resistance* A B C D A B C 0
Number of species 37 5 3 a 12 13 10 10
Pinac:eae 16 5 3 a 4 5 6 9
(Abietoideae) (10) (0) (2) (0) (1) (4) (3) (4)
(Pinoideae) (6) (5) (1) (0) (3) (1) (3) (5)
Taxodiaceae 7 a a a 2 2 2 1
Cupressaceae 6 a a a 1 4 1 a
Others 8 a a a 5 2 1 a
Average content of 4.40 1.36 1. 85 - 7.15 3.62 2.59 1.65methanol extractives (%)
* Weight loss due to decay, A: 0-5 %, B: 5-10 %, C: 10-15 %, D: over 15 %.
Table 22. Summarized data for the effect of methanol extraction on the decay resistance
~ of 45 softwood timber species against C. globosum and Coriolus versicolor.
w
Fungus c. globoswn C. versicolor
Effect of extraction
+ ++ - + -on decay* - -
Number of species 13 28 4 14 30 1
Pinaceae 10 12 2 5 18 1
(Abietoideae) (4) (7) (1) (2 ) (10) (0)
(Pinoideae) (6) (5 ) (1) (3 ) (8) (1)
Taxodiaceae a 7 a 2 5 a
Cupressaceae a 5 1 3 3 a
Others 3 4 " 1 4 4 0
Average content of 2.89 4.10 5.43 7.22 2.31 1. 52
methanol extractives (%)




Table 23. Statistical significance among four classes in decay resistance (see Table 21) and
effect of methanol extraction (see Table 22) in relation to the content of methanol
extractives. in 45 softwood timber species exposed to CorioZua versicoZor.
C1ass* A B C D
A - 2.553** 3.688*** 4.914***
Class in decay resistance B 2.553*** - 1.141 2.348**
C 3.688*** 1.141 - 1. 382
D 4.914*** 2.348** 1.382 -
Effect + ± -
Effect of extraction + - 7.337*** 2.425**
on decay ± 7.337*** - 0.372
-
2.425** 0.372 -
* Weight loss due to decay, A: 0-5 %, B: 5-10 %, C: 10-15 %, D: over 15 %.
** Significant at 5 % level by t-distribution.
*** Significant at 1 % level by t-distribution.
3-4 Sunnnary
Decay resistance of various wood species (138 spp. of temperate
hardwoods, 64 spp. of tropical hardwoods and 45 spp. of softwoods)
against a soft rot fungus, Chaetorrriwn gwboswn Kunze, was estimated with
reference to methanol extractives in wood by laboratory sand-block tests.
For comparison, a white rot fungus, CoPiolus vez>sieowr Que!., was used
in tests for tropical hardwoods and softwoods.
MoY'U.s alba, MoY'US bombycis, Robinia pseudoacacia, Picrasma quessi-
aides, Ternstroerrria japonica, Rhododendron tashiroi, PiePis japonica,
Vaceinium bracteatwn, Ehretia ovalifolia and Pauloumia tomentosa were
designated as very resistant temperate hardwoods. Heartwood of the
following 15 species were classified in perishable class; Populus nigra
var. italiea, Salix saehalinensis, Pterocarya rhoifolia, Carpinus tschno-
skii, Alnus fiPma var. hirtella, Ulmus laeinata, Magnolia kobus, Phello-
dendron amurense, Ailanthus a Ztissima , Meliosma Pigida, Tilia japonica,
ldesia polycarpa, Acanthopanax sciadophylloides, Ligustrum lucidum and
FY'aXinus mandSchurica var. serrata. variances of decay resistance among
species and families were not much different from those for Basidiomy-
cotina ever reported in the literature.
Twenty-four species of tropical hardwoods were designated to be
very. resistant against C. ·{!lobosum-. . In- contrastw-ith· the- case of tem-
perate hardwoods, there was a tendency that dense and/or extractive-rich
species became more susceptible to decay after treatment with hot metha-
nol. This was shown more notably in the case of C. versicoZor. Ochano-
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stachys amentaaea, ScorodocaPpus borneensis, EusideroxyZon zwageri,
CantZeya comicuZata, Shorea exeZZiptica, Shorea hypoZeuoa and Shorea
ZaeviB retained high resistance even after the treatment.
Very low ability of C. gZobosum to degrade softwoods was evidenced
here with all tested species. The greater part of species retained high
resistance after treatment with hot methanol. C. versicoZor also could
not cause severe weight loss of softwoods. However, extractive-rich
species were more resistant against this fungus, and most of these spe-
cies became less resistant after extraction with hot methanol. It can
be concluded from these results that the role of extractives in soft-
woods with higher resistance against soft rot fungi is generally insig-
nificant.
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CHAPTER 4 EFFECTS OF PRE-TREATMENTS OF WOOD ON THE WOOD-
DECAYING CAPACITY OF CHAETOMIUM GLOBOSUM
As shown in previous chapter, very low ability of C. gZobosum to
degrade softwoods was demonstrated with various wood species. Resist-
ance of hardwoods against this fungus varied greatly with species, genera
and families. Such variances of decay resistance were not so much dif-
ferent from those for Basidiomycotina reported in the literature. Thus,
C. gZobosum, as well as white rot fungi, has been characterized by the
preference for hardwoods. However, as described in Chapter 3, higher
resistance of woods against white rot fungi was often depressed signifi-
cantly by removal of extractives, whereas that against C. qZobosum was
not so much. This has been shown more obviously in softwoods than in
hardwoods.
A higher xylanase activity than the mannanase activity in culture
f 01 feZ b 67) 0d h d . f b1 trates rom . g 0 osum , rap1 growt an consumpt10n 0 car on
source in xylose- and xylan media inoculated with this fungus 117) may
partly explain the greater susceptibility of hardwoods to soft rot fungi.
However, these evidences are still insufficient to enable us to establish
a conclusive correlation between the hemicellulase activities of soft
rot fungi and the hemicellulose compositions of the preferred wood, since
enzyme activities for glucuronoxylan, the main hemicellulose of hard-
woods, and glucomannan, the main hemicellulose of softwoods, and also
amount of growth a~d consumption rate for xylose medium and mannose me-
dium, were not so different.
137
The fact that soft rot fungi are isolated frequently from soft-
woods in wet- and burial conditions and are known to cause the severe
58)destruction-of cell walls of these woods suggests the presence of
unknown effects by which the higher resistance of softwoods against soft
rot fungi might be depressed at a great extent in such conditions. In
this chapter, the effects of some biological- and chemical treatments
of softwoods on the wood-decaying capacity of C. globoswn are investi-
gated. For the purpose of further comparison, data are included on a
hardwood Fagus crenata and on white rot- and brown rot fungi.
4-1 . . 1 120)B101og1ca treatment
The main components of woody cell walls - cellulose, hemicelluloses
In the white rot, polysaccharides and li~in are attacke(
and lignin - are degraded by various groups of organism to different
extents. However, the intimate association of the lignin with the poly-
saccharides apparently makes wood resistant to decomposition by both
enzymes and whole organisms that can decompose the isolated wood poly-
h . d 71)sacc ar1 es .
more or less simUltaneously; in brown rot and 30ft rot, on the other hand
the polysaccharides are principally utilized. Although lignin can be
degraded by certain microorganisms, it can not be regarded as a favorable
or a good energy-yielding substrate l07). The ability of white rot fungi
to decompose lignin might therefore be regarded as effective means to
gain access to the polysaccharides in lignified cell wall48,72). Brown
rot fungi, however, are able to utilize the polysaccharides in lignified
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cell walls without causing any significant degradation of the lignin.
Although a soft rot fungus, C. globosum, has been shown to attack the
. d 81 ,105,I08) d f dpolysaccharides similarly 1n beech woo , untreate so twoo s
are virtually unattacked by any of soft rot fungi.
8)Bailey et al. pro-
posed the existence of "pre-cellulolytic system" in organisms capable
of utilizing the cellulose in wood. This term was used by them simply
to describe all the steps that are necessary for the initiation of cellu-
lose degradation. In this section, the effect of pre-exposure to certain




Wood blocks, 2.0 (t) x 2.0 (r) x 0.5 (l) (em), were prepared from
the heartwoods of two softwoods (Pinus densiflora Sieb. et Zucc. and
Cryptomeria japonica D. Don) and one hardwood (Fagus crenata Blume) .
Blocks were extracted with ethanol-benzene (1:1) for 8 hours and soaked
in warm water (50°C) for 4 hours before pre-exposure to fungal attack.
Pre-exposure of wood to fungal attack
Fungal species used for the pre-exposure treatment are listed in
Table 24. The treatment was carried out by the sand-block method, using
cylindrical glass bottles described in Chapter 1. The composition of
the nutrient solution for the treatment with 9 Basidiomycotina fungi is
the same as that for the decay test using C. versicolor described in
Chapter 3. The solution for the treatment wi th Trichoderma vinde is
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Table 24. Fungal species used in the pre-exposure treatment of wood.
Name
Coniophopa puteana Karst.






PycnoP01'US coccineus Bond. et Sing.
Schizophyllum commune Fr.























*IFO: Institute for Fermentation, Osaka, Japan.
FES: Government Forest Experiment Station, Tokyo, Japan.
M-1: Morimoto Yokin-en, Kyoto, Japan.
the same as that for the test using C. globosum. Wood blocks for the
pre-exposure to T. vinde were soaked in sterilized distilled water after
the steriliza-tion withp!:'O~y'lene ·'OXide. The~ temperature was maintairred
at 20 DC for S. lacrymans and at 28°C for other fungi throughout three
different incubation periods of 2-, 4- and 8 weeks. Three blocks each
in two bottles were used in each fungal- and wood species or each incu-
bation period. The treated blocks were sterilized by fumigation with
propylene oxide, cleaned of mycelium, soaked in running water for three
days and then dried to constant weight in an oven at lOSOC.
Decay test using C. globosum
The weighed blocks were sterilized again by fumigation with pro-
pylene oxide, and soaked in sterilized distilled water before exposure
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to C. globosum. The temperature was maintained at 28 DC during the 8
week-incubation period. The decayed blocks were cleaned of mycelium and
then dried to constant weight in an oven at l05 DC. The percent of weight
loss was calculated from initial and final weights.
Results and Discussion
Table 25 shows the weight loss in wood blocks pre-exposured to
several fungi. Among the three wood species, C. japonica was the most
resistant against fungal attack. In cases of S. commune and T. viride,
wood blocks were attacked only at a small extent. For facilitating the
discussion on the relation between the weight losses by the pre-exposure
treatment and those by direct exposure to C. globosum, the wood blocks
exposed to C. globosum were rated into four groups according to weight
losses caused by the pre-exposure. The effect of pre-exposure was ex-
amined by comparing the average value of weight loss caused by C. globo-
sum in each group with that in wood blocks directly exposed .toA~·his·
fungus. Such an effect was examined by t-distribution at 5, 2 and~l %
level of significance. Table 26 shows the results with the effect of
pre-exposure treatment on the wood-attacking capacity of C. globosum.
A positive (negative) effect means the case in which weight loss in
treated blocks was larger (smaller) than that in untreated blocks. Un-
expectedly, a positive effect was found significant only in a few combi-
nations of fungal and wood species. Although the occurrence of pos-i~ive
effect was oftener in the case of P. densiflora than were in those of
the other wood species, the extent of acceleration of ~ttack was not
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Table 25. The loss of weight in wood blocks
pre-exposured to several fungi.
Loss of weight (%)
Fungus -Wood Incubation period (week)
2 4 8
ConiopJwra Pinus densiflora 8.51 21.48 26.33Cryptomeria japonica 1. 75 1. 54 4.63puteana Fagus crenata 0.29 3.56 19.56
SerpuZa Pinus densiflora 4.22 16.39 40.55
Zacrymans Cryptomeria japonica 1. 86 10.89 27.54Fagus crenata 0.57 1.18 21. 71
Tyromyces Pinus densifZora 4.96 6.35 9.03
paZustris Cryptomena japonica 5.60 7.26 11.87Fagus crenata 0.56 2.07 3.28
ConoZus Pinus densifZora 0.71 3.34 13.78
versicoZor Cryptomeria japonica 1.11 4.11 12.87Fagus crenata 6.48 17.51 45.52
Ganoderma Pinus densij10ra 0.66 1.07 8.06
Zueidwn Cryptomeria japonica 2.40 2.68 2.59Fagus crenata 0.86 7.09 33.85
Lenzites Pinus densi fZora 3.06 10.59 17 .67
betuZina Cryptomena japonica 1.69 6.97 14.07Fagus crena.ta 7.08 21. 73 44.57
Cryptoderma Pinus densi j10ra 2.01 1.96 1.83
pini Cryptomeria japonica 0.38 1. 32 1.18Fagus crenata 1.03 2.54 4.40
Pycnoporus Pinus densij10ra 2.08 2.63 4.92
coccineus Cryptomeria japonica 0.76 1.53 1.86FagUs crenata 5.22 19.50 41.04
Schizophy ZZUf1i Pinus densifZora 2.18 2.42 2.25
C01TD71U11.e
CPyptomeria japonica 1. 90 1. 79 1.60
Fagus crenata 0.67 0.73 1.54
Trichoderma Pinus densifZom 1.45 1.95 3.18
viride C1>yptomeria japonica 2.20 2.49 2.57Fagus crenata 0.88 1. 32 1. 54
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Apparently
still so large even in the case. However, it is clear that so far as
P. densif10ra is concerned this wood became apparently less resistant
after pre-exposure to certain white rot fungi, especially to GanodePma
Zueidwn.
White rot fungi derive nourishment from all the major constituents
of the wood cell walls. However, they differ in relarive rates to remove
the major components; some, such as Polyporus berkeleyi, remove the lignin
faster than either the cellulose or the hemicelluloses, especially in
66)
early stages of decay . Others, such as CorioZus versicolor, remove
h h · " 1 . 1 1 66)t e tree maJor components approx~mate y s~mu taneous y .
only a few fungi remove the carbohydrates somewhat more rapidly than the
I " . 66)~gn~n • On the other hand, brown rot fungi mainly decompose the poly-
saccharides in wood and usually caUSe only a small loss in the lignin.
The cellulose and hemicelluloses are removed at about the same relative
t b " "f b rot fung;33,109).ra es y var~ous spec~es 0 rown ~
A positive effect may be due to; (1) removal of some hindrances
which are present in unknown associations of the three major components
to enzyme activity of C. globosum, (2) depolymerization and structural
modification of these components, (3) supplement of nitrogen source
derived from dead fungal cells, and (4) facilitation of penetration of
C. globosum into cell lumen via bore hole previously produced by test
fungus. A negative effect may be attributed to; (1) insufficient removal
of toxic materials produced by test fungus, (2) exhaustion of food re-
serves in parenchyma cells, and (3) depletion of polysaccharidesava±l-





Table 26. The effect of pre-exposure to several fungi on the
wood-attacking capacity of Chaetomium globosum.
~ Pinus densi flora Cryptomeria japonica Fagus crenataFungus A B C A B C A B C
6.90 3.72 ++ 0.30 2.83 0.46 37.03
Coniophora 14.90 3.01 1. 80 3.07 ++ 4.86 45.08 +
puteana 24.24 2.45 - 3.56 1. 88 17.48 32.74
32.98 2.31 5.49 2.24 23.75 30.47
4.22 3.15 1. 86 1.09 --- 0.57 44.08
SerpuZa 16.90 2.98 7.87 1.99 1.18 57.30 +++
Zacrymans 35.75 3.85 +++ 15.14 2.23 14.34 39.05
50.16 2.52 31.80 1. 84 25.39 39.05
1.10 1. 74 -- 2.62 1.49 0.43 45.42 +++
Tyl'omyces 5.09 1. 70 --- 6.19 1.50 1. 34 40.63
paZustris 7.55 2.38 9.36 1. 85 2.68 39.10
9.03 3.02 12.56 1. 71 7.05 37.51
0.71 3.39 1.11 1. 59 - 3.94 35.39
Col'ioZus 3.34 6.15 +++ 4.11 2.51 + 11.83 36.43
ve1'sicoZ01' 12.88 2.71 12.01 0.99 --- 32.56 33.23
15.88 4.97 +++ 14.61 0.24 --- 50.73 24.07
0.27 3.67 ++ 0.57 1.48 - 0.73 32.09 -
GanodBrma 1.68 3.62 +++ 2.04 2.25 6.35 26.93 ---
Zucidum 4.36 4.10 2.88 1. 70 23.49 36.43
12.05 7.46 +++ 5.11 1.62 37.45 28.22 --
1.17 1. 44 --- 1. 86 2.04 7.08 28.00 --
Lenzites 6.42 3.85 6.81 1.81 20.15 33.38
betuZina 17.09 5.73 +++ 10.52 2.12 38.92 20.92 ---
27.52 5.22 16.73 2.23 51.25 24.75 ---
I-'
'"lJ1
~~hlp 26. The-effect of pre-exposure to several fungi on the
wood-attacking capacity of Chaetomium gZobosum (Continued).
~ Pinus densij10ra Cryptomeria japonica Fagus crenataFungus A B C A B C A 8 C
0.73 1.60 --- 0.22 1. 45 0.90 46.18 ++
CryptodBrma 1.95 1. 07
--- 0.54 1. 05 -- 2.23 36.63
pini 2.46 1.86 1.13 1. 37 --- 3.39 34.17
5.74 3.75 1. 54 0.56 --- 5.84 24.56 ---
1.93 1.88 --- 0.64 2.01 5.22 26.13 -
PycnOP°1'US 2.87 1.07 --- 1.07 1. 78 16.37 41.67
coceineus 5.28 4.17 1.65 0.60 --- 25.24 31. 50
7.77 8.59 +++ 2.05 0.18 --- 43.55 36.12
1. 73 1.16 --- 0.48 1. 30 0.43 34.81
ShizophyZZwn 2.23 1. 36 --- 1. 56 0.81 --- 0.76 42.33
cormrune 2.45 1.23
---
2.17 1.11 -- 1.24 38.70
2.61 0.92
--- 2.75 1. 49 1. 69 45.31 +++
1. 39 1.22 --- 2.07 1.01 - 0.84 42.84
Trichoderma 1.92 0.92 --- 2.27 1.60 1.18 46.36
viridB 3.00 0.95
---
2.55 1.16 -- 1. 37 48.68 +++
3.54 0.67 --- 3.16 0.95 --- 1. 76 45.06
None - 2.86 - - 2.09 - - 37.28 -
A: Percent of weight loss by pre-exposure treatment.
B: Percent of weight loss by exposure to C. gZoboswn.
c: Effect of pre-exposure treatment.
+, ++ and +++ mean positive effect significant at 5, 2 and I , level, respectively.
and --- mean negative effect significant at 5, 2 and I , level, respectively.
All values are expressed on the basis of the weight of extractive-free wood before pre-exposure
treatment.
Chemical analysis and microscopic observation of pre-exposed wood
were not carried out in the present experiment. It is therefore not
clear which causal agent is main among the effects in each combination
of fungus and wood. However, it can be seen from these results that
lower attacking capacity of C. gZobosum to softwoods is not accelerated
so much by biological treatment, even by the action of white rot fungi
which cause to degrade and modify the lignin and its association with
polysaccharides.
4-2 Chemical treatment
( 1 1 , d . d t 121)1) A ka 1- an aC1 treatmen s
Cold soda treatments were found to give little effect on the lignin
132) 10)
and pentosan content of pulps . Bland and Watson demonstrated
that most of the lignin was retained in cold soda semichemical pulps
and that its properties showed no difference from those of original
lignin. Cold soda treatments therefore would be expected to cause some
effect on the lignin with little delignification. Bland and Menshunll )
investigated the effect of alkali pre-treatment of the wood on the yield
and carbohydrate retention of the lignin by extraction with acetone of
the treated milled wood. They found that a mild alkali pre-treatment
resulted in a large yield of lignin and suggested that this pre-treatment
appeared to hydrolyse the bonds between lignin and carbohydrates. They
12)later concluded that a large part of the lignin was bound to poly-
saccharides by alkali resistant bonds and these could be ether bonds as
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16)deduced by Brownell . On the other hand, from the results with treat-
ments of lignin-carbohydrate complexes with alkali and acid, Bolker and
15)
wang concluded that mild treatment with acid was effective in sepa-
rating the lignin from the carbohydrate while alkali treatment was not.
1 13,14,47,They considered that these results support previous proposa s
57,84)
that lignin and carbohydrate in plants may be joined by acid-
labile bonds, or that the breaking of such bonds is at least necessary
before effective separation of the two materials.
In the first part of this section, the effect of mild alkali- and




Size of wood blocks and wood species used in the experiment are the
same as described in 4-1. Blocks were extracted with ethanol-benzene
(1:1) for 8 hours and soaked in warm water (50°C) for 4 hours before
alkali- and acid treatments.
AZkali- and acid treatments of wood
Wood blocks were soaked in various concentrations of sodium hydro-
xide (30 ml/g wood) or hydrochloric acid (30 ml/g wood) for 20 hours at
2~C, and subsequently well waShed with water, "air dried and then dried
again in an oven at 105°C. Concentrations of sodium hydroxide are as
follows:
for the treatment of P. d.ensiflora and F. crenata
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0.05, 0.1, 0.2, 0.5, 1.0 and 2.0 M,
for the treatment of C. japoniaa
0.1, 0.2, 0.4, 1.0, 2.0 and 4.0 M.
Concentrations of hydrochloric acid are: 0.1, 0.2, 0.4, 1.0, 2.0
and 4.0 for all wood species.
Deaay test
Decay test was made by the same procedures described in 4-1.
Determination of Zignin in wood
To define the relation between the weight losses and the decrease
in lignin amounts by treatments, wood shavings (0.3 mm thick in longi-
tudinal direction, cut to about 4 mm in the fibre direction) were pre-
pared from the same wood specimens and treated with alkali or acid under
the same condition as mentioned above. Concentrations of sodium hydro-
xide are: 0.1, 0.5 and 2.0 M, and those of hydrochloric acid are: 0.2,
1.0 and 4.0 M. The Klason lignin content in treated wood shavings was
determined by the JIS P 8008-1961.
Results and Discussion
Table 27 shows the loss of weight by alkali- and acid treatments
and the Klason lignin content in treated wood shavings. Each value is
an average of data from three separate samples. From the difference
between the loss of weight and the decrease in the Klason lignin content
during the treatment, the decrease in materials other than Klason lignin
was roughly estimated as follows:
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Loss of materials other than Klason ligin in %
L - (K o - Kd
--------x 100
100 - Ko
where L is the percent of weight loss in wood by treatment, Ko is the
percent of the Klason lignin content in untreated wood, and Xl is the
percent of the Klason lignin content in treated wood. As shown in Table
27, both treatments caused a certain extent of delignification but they
are not selective in removing lignin only from all of the three wood
species. C. japonica was more resistant against the alkali treatment
than others. In the case of F. crenata, lignin and other substances
were removed at about the same relative rates by the alkali treatment.
In the cases of two softwoods, lignin was removed more rapidly than were
other substances. It might possibly be hemicelluloses that was removed
together with the lignin by alkali treatment.
The wood blocks exposed to C. globosum were rated into four groups
according to weight losses caused by alkali or acid treatment. The ef-
fect of treatment was examined by comparing the average value of we~ght
loss caused by C. globosum in each group with that in untreated blocks,
and the data was examined by t-distribution at 5, 2 and 1 % level of
significance. Table 28 shows the results with the effect of alkali-
and acid treatments on the wood-aatacking capacity of C. globosum. Posi-
tive- and negative effects were found significant only in a few cases.
However, the occurrence of positive effect was oftener in the case of
P. densiflora. This is similar to the case of the wood subjected to the





Table 27. The loss of weight by alkali- and acid treatments and the
Klason lignin content in treated wood shavings.
~ Pinus denBiflora Cryptomeria japoniea Fagus erenataM A B C D A B C D A B C DTreatment
Sodium 0.1 5.2 26.8 6.3 4.8 4.7 33.1 4.5 4.6 5.2 25.1 6.0 4.9
hydroxide 0.5 7.5 26.1 8.7 7.0 5.0 32.4 6.9 4.0 9.8 24.1 9.7 9.B
2.0 8.9 23.7 17.1 5.6 6.0 31.4 9.8 4.0 12.1 23.9 10.5 12.7
Hydro- 0.2 2.4 27.4 4.2 1.7 2.7 34.0 2.3 2.9 1.2 26.2 1.9 1.0
chloric 1.0 2.8 27.4 4.2 2.2 2.9 33.8 2.9 2.9 1.6 26.2 1.9 1.5
acid 4.0 4.1 27.0 5.6 3.5 3.7 33.7 3.2 4.0 2.8 25.8 3.4 2.6
None - 0 28.6 0 0 0 34.8 0 0 0 26.7 0 0
M: Concentration (fr.n.
A: Percent of weight loss by treatment.
B: Klason lignin content.
c: Percent of loss of Klason lignin.




Table 28. The effect of a1kali- and acid treatments of wood on the
wood-attacking capacity of Chaetomium globosum.
~ Pinus densij10ra Cryptomel'ia japonica Fagus crenataTreatment A B C A B C A B C
2.94 1. 51 2.76 0.42
-
2.14 44.34
Sodium 5.70 3.49 3.21 1. 08 4.27 56.52 +++
hydroxide 8.47 4.78 + 3.52 1.72 6.89 44.21
10.67 3.17 + 3.80 1. 89 8.09 38.76
1. 67 4.70 +++ 1. 32 1.06 1.01 26.24 ---Hydro-
chloric 1.98 4.67 +++ 1. 57 1.03 1. 33 30.96
acid 2.58 4.12 +++ 2.09 0.71 1. 74 30.09
3.49 3.00 3.21 0.74 2.41 35.36
None 0 1. 82 - 0 1.06 - 0 37.28 -
A: Percent of weight loss by treatment.
B: Percent of weight loss by exposure to C. globosum.
c: Effect of treatment.
+ and +++ mean positive effect significant at 5 and 1 % level, respectively.
- and mean negative effect significant at 5 and 1 % level, respectively.
All 'values are expressed on the basis of the weight of extractive-free wood before treatment.
As shown in Table 27, delignifying effect was larger in the alkali
treatment than was in the acid treatment. However, in cases of the two
softwoods, the extent of acceleration of decay by C. globosum was not
different between the two treatments. In the case of P. densij1ora,
small extent of the acceleartion was found in both treatments, whereas
it was not in the case of C. japonica. Both treatments apparently caused
not only the delignification of wood but also some extent of modification
of lignin itself or its association with the polysaccharides. Although
it is not clear at this stage which agent is main in the acceleration
of decay, mild treatment with alkali or acid is not sufficient to make
softwoods less resistant as well as beech wood.
(2) " 1 d l' 'f' . 'th 'd'f' d d' hI 't 122)Part1a e 19n1 1cat10n W1 aC1 1 1e so 1um c or1 e
As mentioned above, all of the four treatments - removal of extract-
ives , pre-exposure to fungal attack, alkali treatment and acid treat-
ment - -were not effective s1.1bstantial-lyfur the acceleration of attaek
on softwoods by C. globosum. The greater resistance of softwoods to
soft rot attack has often been attributed to a physical blocking of the
b th h · h 1"' 103,105)enzymes y e 19 er 19nJ.n content . Brown rot fungi, however,
are able to utilize the carbohydrates of softwood cell walls without
causing any significant depletion of the lignin. Significance of the
higher lignin content therefore seems to vary with the type of decay.
Effect of delignification should be investigated on the susceptibility
of softwoods to wood-decaying fungi. Bailey et al. B) reported that
chlorite treatment of Picea abies bringing about 2 % of weight loss made
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this wood nearly as susceptible as beech to three species of soft rot
fungi, but that such a treatment did not influence on the susceptibility
of this wood to brown rot fungi.
Many physicochemical studies have been made on the important commer-
Ah . 2) d h th chl .cial pulping processes. 19ren and Gor~ng foun t at e or~te
process was selective in removing lignin from spruce wood (Piaea mari-
ana) during the first 60 % of delignification, and concluded, by compar-
90 III 137 138) . .ing that with earlier data I , , I that the select~v~ty of the
chlorite procedure was much greater than conventional pulping processes.
In the second part of this section, the effect of the chlorite de-
lignification of softwoods on the wood-decaying capacity of C. globosurn
is studied at various stages of delignification. For comparison, the




The names of 44 softwood-" and 1 hardwood timber species employed
in the experiment are listed in Table 29. Sampling of wood specimen
was made from the intermediate portion of heartwood, because of the well
established trend of increasing decay resistance from the innermost to
the outermost heartwood. Wood specimens were used in two forms, (1) 2.0
(t) x 2.0 (r) x 0.5 (l) (em) blocks, and (2) 0.3 rom thick longitudinal
shavings cut to about 4 mm in the fibre direction. Wood blocks were
prepared from all of the species and subjected to the decay test.
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Table 29. Timber species used in the partial chlorite delignification








































21 Pinus thunbergii ParI.
1 Ginkgo biloba L.
2 Taxus cuspidata Sieb. et Zucco
3 Torreya nucifera Sieb. et Zucco
4 PodoearrpUB macrophylla D. Don
5 POdoCaYrpUB nagi Zollo et Moritz.
6 Cephalotaxus harringtonia K. Koch
7 Abies firma Sieb. et zucco
8 Abies mariesii Mast.
9 Abies saehalinensis Fr. Schm.
10 Abies sachalinensis Fr. Schm.
var. mayriana Miyabe et Kudo
11 Pseudbtsuga japonica Beissn.
22 Pinus tabulaefomris Carr.
23 Pinus l'adiata D. Don
24 PinUB rigida Mill.
25 PinUB taeda L.
20 PinUB pentaphyUa Mayr.
12 Tsuga sieboZdii Carr.
13 Picea glehnii Mast.
14 Picea jezoensis Carr.
15 Picea abies Karst.
16 Larix leptolepsis Gord.
17 Larix gmelini Ledeb.
18 KeteZeeria davidiana Beissn.
19 PinUB densiflora Sieb. et ZUCCo
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Table 29. Timber species used in the partial chlorite delignification




26 Pinus sylvestris L.
27 Pinus nigra Am.
28 Pinus strobus L.
29 Pinus virginiana Mill.
30 Pinus elliottii Engelrn.
31 Sciadopitys verticillata
Sieb. et Zucco
32 Sequoia sempervirens Endl.
33 Metasequoia glyptostroboides
Hu et Cheng
34 Glyptostrobus pensilis K. Koch
35 Taxodium distichum Rich
36 Cryptomeria japonica D. Don
37 Cunninghamia konisii Hayata
38 Tai1J)ania cryptomerioides Hayata
39 Chamaecyparis obtusa Endl.
40 Chamaecyparis pisifera Endl.
41 Chamaecyparis formosensis Matsum.
42 Thuja standishii Carr.
43 Thujopsis dolabrata Sieh. et Zucco
44 Juniperus virginiana L.

















































Shavings were used for the lignin determination and taken from the three
species only (Nos. 19, 36 and 45, see Table 29).
PartiaZ deZignifiaation
The partial delignification of the wood specimens was carried out
with sodium chlorite and acetic acid. The specimens were extracted with
ethanol-benzene (1:2) for 24 hours and soaked in warm water (SO°C) for
4 hours before chlorite treatment.
Wood blocks:
The specimens, separately bound to the teflon plate with fine teflon
strings, were placed in a beaker containing sodium chlorite (70 g NaCI021
30 g wood/litre solution) and acetic acid (30 ml). The solutions were
maintained at 40 DC and stirred slowly throughout the treatment by a mag-
netic stirrer. Six blocks each from all tested wood species were treated
for 6 hours. on the three wood species (Nos. 19, 36 and 4S), in addition,
sets of 6 blocks each of all wood species were treated for different
lengths of time ,24 -flours at the l-on~st.·-
Wood shavings:
The specimens were placed in a beaker containing the solution with
the same amount of chemicals as mentioned above. Batches of 1 g of wood
were treated for different lengths of time under the same condition.
After the chlorite treatment, the wood specimens were rinsed in running
water, and air-dried before drying to constant weight in an oven at 10SDC
Lignin determination
The Klason lignin content was determined by the JIS P 8008-1961.
The acid-soluble lignin content was determined on the hydrolysate from
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the Klason lignin by measuring ultraviolet absorption at 205 nm in 1 ern
quartz cells by a Shimadzu MPS-50 spectrophotometer. Fulfural and hydro-
xymethyl fulfural are formed on the acid treatment of carbohydrates under
the conditions of hydrolysis used. However, these aldehydes give a sharp
absorption maximum at about 280 nm, but relatively low absorbance at
shorter wavelengths (205-210 nm). Several investigators have reported
that me~~urement of absorbance at a wavelength in the region of 200-210
nm provides a reasonable measure of soluble lignin in wood. Usually,
the amount of soluble lignin is determined as compared with some stand-
ard lignin preparations. However, some preparations, such as modified
or degraded products derived from the original lignin during chlorite
treatment, may have an unknown and fluctuating absorptivity. Hence,
accepting that determination of soluble lignin in chlorited preparations
by ultraviolet absorbance is considered as approximations, the absorp-
tivity used is 110 g-1 1 cm- 1 was used for all batches of the three spe-
. 94) 110)
cies according to Musha and Gorlng and Swan . The acid-soluble
lignin content was calculated as follows 20):
(As - Ab) x V
Acid-soluble lignin in % x 100
no x W
Where As is the absorbance of the sample I Ab is the absorbance of the
blank, W is the weight of the sample in g, and V is the volume in litres
of the solution.
Test fungi
c. gtobosum was mostly used as a test fungus. For comparison, two
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species of white rot fungi, CorioZus versicoZor Quel. (PES 1030) and
Py(!YI.Opopus coccineus Bond. et Sing. (PES Pslh) I and two species of brown
rot fungi, Coniophora puteana Karst. (IFO 6275) and SerpuZa Zacrymans
s. F. Gray (IFO 8697), were occasionally used.
Decay test
The decay test was carried out by the sand-block method according
to the procedures described in 4-1. In the decay test using S. Zacrymarn
the temperature was maintained at 20°C during a 8-week incubation, in
consideration of the optimum temperature for growth of this fungus.
Results and Discussion
Table 30 shows the results obtained for the weight losses after the
chlorite treatment and the exposure to C. gZobosum. The weight losses
after the chlorite treatment considerably varied with species. The low-
est weight loss was 1.58 % for Chamaecyparis obtusa (No. 39) and the
highest was 21.92 "% for La:ri-x-gme-Zi-ni -(No. 111-. The average valueuf
44 softwoods was about 8 %. The resistance of softwoods to acidified
sodium chlorite was classified into four classes:
Ii weight loss was less than 4 % for 4 species,
II; weight loss was 4-8 % for 19 species,
III, weight loss was 8-12 % for 16 species,
IV, weight loss over 12 % for 5 species.
Fagus crenata, only one hardwood used in the experiment, could be
classified into class III.
In the present chlorite treatment of the samples, neither adjust-
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ment of pH of the solutions nor addition of chemicals was made. There-
fore, it is not clear ·that different resistance to chemical attack ob-
served here implies different accessibility of the reagent to lignin and
polysaccharides through the cell wall of softwoods, or different rate of
reaction in which several factors, such as pH, temperature and charge of
chemicals in acidified chlorite solution, are concerned. However, note-
worthy is the close relation between the weight losses by the treatment
and those by decay. Fig. 41 shows the acceleration of decay which is
given by the difference in weight losses between treated and untreated
samples, as shown in Table 30. The highest acceleration was 54.06 % for
Picea glehnii (No. 13) and the lowest was 5.93 % for C. obtusa (No. 39).
L. ~lini (No. 17) exceptionally showed lower acceleration in spite of
the lowest resistance to chemical attack. F. crenata (No. 45) was almost
the same as L. gmelini in respect of its lower acceleration. Both woods,
as shown in Table 30 and Chapter 3, have relatively lower natural decay
resistance. In the case of such species, delignification treatment may
be less effective for C. globosum.
Fig. 42 shows the summarized data for the acceleration of wood. decay
by C. globosum after partial delignification. Points on Fig_ 4Z Show'
average values for four classes of resistance to chemical attack described
above. F. crenata was excluded from the calculation. Acceleration is
nearly straight wi thin the range of weight loss by chlorite treatment.
from 0 to about 10 %, and may reach a maximum level at about 16 % or more.
Figs. 43-45 show the reults for the acid-soluble lignin of'wood
shavings from three species of wood (Nos. 19, 36 and 45) at various
159
Table 30. Decay resistance of 45 timber species against Chaetomium gZo-
bosum after partial chlorite delignification (6 hours at 40°C)
Weight loss by decayWeight loss
NO.* by chI.
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Table 30. Decay resistance of 45 timber species against Chaetomium glo-
chlorite delignification (6 hours at 40°C)
* See Table 29.
** W2 - W3...;,:,.o,_~_:..:..6 X 100
WI
*** **** WI - W~ x 100
WI
WI: Weight of original wood, W2: Weight of wood extracted with ethanol-
benzene, W3: Weight of chlorite treated wood, Wq : Weight of decayed wood.
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Fig. 41. Acceleration of wood-attacking capacity of Chaetomium gZobosum
on 44 softwood timber species after partial chlorite delignifi-
cation for 6 hours at 40°C. The points can be identtiied by
the number given in Table 29.
delignification stages by treatment with acidified sodium chlorite. The



























0 2 4 6 8 10 12 14 16 18
Weight Loss by Chl. Treatment (°/0)
Fig. 42. Summarized data for the acceleration of wood-attacking capac-
ity of Chaetomium gZobosum on spftwoods after partial chlorite
delignification for 6 hours at 40°C.
three separate Klason hydrolysates. There are several indications that
the amount of acid-soluble lignin from untreated softwoods is very small.
In fact, the acid-soluble lignin was only 0.26 % for Pinus densif10ra
and 0.37 % for Cryptomeria japonica. F. crenata showed relatively higher
content (2.14 %). This value was lower than that of American beech
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a:n.d . l' d ,94) b 'th'(Fagus gr ~fov~a) obtained by Musha an Gor~ng ut was W1 1n
.. 106) f




A high level of the soluble lignin during the chlorite process
, ' 2,17,23) Th' h d
agreed well w~th some prev~ous reports . e max~mum was reac e
at about 9 % of Klason lignin content for p, densi~ora, at about 14 %
for C. japoniaa, and at about 10 % for F. crenata.
Browning20 ) pointed out that a considerable portion of the total
lignin is soluble after the acid treatment and the amount of insoluble
residue is not a realistic measure of lignin content. According to him,
the total lignin content was determined as insoluble Klason lignin plus
the ultraviolet-estimated acid-soluble lignin.
The pattern of lignin removal from the three species of wood during
the chlorite treatment has been shown in Figs. 46-48. Difference bet-
ween the losses in Klason and total lignins is evident for each species.
For facilitating the discussion, smoothed values from the curves in
Figs. 46-48 are compiled in Table 32. In addition, the estimated lignin
losses which were calculated on the assumption that the chlorite proce-
dure is selective in removing lignin only are shown in this table. In
the case of C. japonica, the smoothed values nearly agreed with the es-
timated values throughout the process. On the other hand, in the cases
of P. densij10ra and F. crenata, the two values did not agree during the
whole stage. Such disagreement was more conspicuous for F. arenata.
In both woods, considering from the material balances, some substances






































Fig. 43. The amount of acid-soluble lignin from chlorite treated wood
of Pinus densif10ra at different stages of delignification.
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Klason Lignin (°/0)
Fig. 44. The amount of acid-soluble lignin from chlorite treated wood
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Klasen Lignin (°/0)
Fig. 45. The amount of acid-soluble lignin from chlorite treated wood
of Fagus crenata at different stages of delignification.
chlorite process proved to be selective in removing lignin only from
c. japonica as was f.rom Pi8ea -maPiana.- -However,- it can be considerea-
that the process was less selective in the cases of P. densiflora and
F. crenata.
The decayed blocks were rated into eight groups according to weight
losses caused by chlorite treatment before decay. Average values of
weight losses after treatment and exposure to fungal attack were cal-
culated for each group. Figs. 49-53 show the results with the average
weight losses in chlorite treated wood for each group after exposure to
fungal attack. In the case of P. densifZora attacked by C. globosum
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Weight Loss by Chl.
• Klason Lignin
o Total Ligni n
14 16 18 20 22
Treatment (°/0)
Fig. 46. Decrease of lignin in Pinus densij10ra during chlorite treat-
ment.
weight loss by chlorite treatment, which was equivalent to 20 % of de-
lignification (Table 31) based on the assumption that effect of particle
size is negligible in the chlorite treatment, and reached the maximum-
during 10 to 14 % of weight loss (43 to 55 % of delignificationl. How-
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Weight Loss by Chl. Treat ment (°/0)
Fig. 47. Decrease of lignin in CPyptomeria japonica during chlorite
treatment.
the curve was gentle but reached the maximum at greater stage of delig-
nification. In the case of C. japonica, the acceleration of decay was
nearly reverse for the two fungi. At the first 4 % of weight loss,
equivalent to 12 % of delignification (Table 31), the acceleration of
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o Total Lignin
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Weight Loss by Chl. Treatment (°/0)
Fig. 48. Decrease of lignin in Fagus crenata during chlorite treatment.
bosum. However, the curve for C. versicolor reached the maximum level
during the middle stage of delignification, whereas the curve for C. gZo-
bOBum still considerably steep at over 40 % of delignification.
In cases of the two softwoods exposed to P. coccineus (Fig. 51),
the acceleration of decay was also found significantly at the first
stage of delignification, although maximum levels in both woods for this
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Table 31. The losses in total lignin content at different stages of
chlorite treatment.
Weight loss Loss in total lignin (%)
in wood Smmothed Estimated
(%) * PO CJ Fe PO CJ Fe
a 0 a a a a a
2 11 7 20 7 6 7
4 20 12 31 14 12 14
6 29 18 39 21 18 21
8 36 24 46 28 23 28
10 43 30 53 35 29 35
12 49 35 57 42 35 42
14 55 41 62 49 41 49
16 60 47 66 56 47 56
18 67 53 70 63 53 63
20 72 59 70 59 70
22 65 77 65 77
* Wz - W3
X 100 W2 and W3 are same as those in Table 30.
W2
PO: Pinus densi flora, CJ: CryptomePia japonica,
Fe: Fagus crenata.
fungus were lower than those for C. globosum and C. versicolor.
In cases of both woods exposed to the two brown rot species, S.
lacrymans (Fig. 52) and C. puteana (Fig. 53), the acceleration was un-
detected (P. densiflo'l'a) or only slight (C. japoniaa). The ~gif~~~:J;:~l!.cg~
of weight losses between untreated and treated woods of C. japonica was
much less for the two brown rot species.
In all cases of F. c'l'enata (Figs. 49-53), the acceleration was
170
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Fig. 49. Weight loss in wood exposed to Chaetomium globosum after dif-
ferent degrees of delignification.
significant at some stage of delignification. However, the extent of
acceleration for this W90d wa~ generally smaller than that for the two
softwoods. This suggests that the delignification treatment is less
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Fig. 50. weight loss in wood exposed to qoriolus versicolor after dif-
ferent degrees of de1ignification.
Duncan 37) found that leaching of redwood (Sequoia sempervirens)
with sodium hypochlorite solution (containing 2 ppm of available chlo-
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• Pinus densiflora
o Cryptomeria j aponica
o Fagus crenata
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Fig. 51. Weight loss in wood exposed to Pyanoporus coooineus after dif-
ferent degrees of delignification.
rinel facilitated attack by many isolates of soft rot fungi including





















o 2 4 6 8 10 12 14 16 18 20 22
Weight Loss by Chi. Treatment (°/0)
Fig. 52. Weight loss in wood exposed to SerpuZa Zacrymans. after differ-
ent degrees of delignification.
it had no apparent effect on the wood-attacking ability of a brown rot
fungus, PoPia oZeraceae. 8)Bailey et al. reported that partial deligni-
fication of softwoods (Picea abies and Pinus syZvestPis) with acidified
sodium chlorite accelerated attack by soft rot fungi, C. gZobosum,
Ceratocystis sp. and PaeciZomyces sp., but it was not effective for
174
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Fig. 53. Weight loss in wood exposed to Coniophor~ puteana after dif-
ferent degrees of delignification.
attack by brown rot fungi, Coniophora cerebella, Poria vapo~a and
Polyporus schweinizii. Nouvertne98) obtained similar results on the
extent of degradation of delignified softwoods by three species of soft
rot fungi. In their investigations, loss of lignin by the d-e·lign±£i-
cation treatment was not determined experimentally and only estimated
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from the original lignin content found in a literature. Furthermore,
the observations were done only at one or few stages of delignification.
In this experiment, effect of the chlorite delignification was examined
at various stages of delignification. Similar results were obtained
here again and then it can be concluded that the delignification treat-
ment of softwoods is effective for acceleration of wood-attacking capac-
ity of soft rot- and white rot fungi but not for that of brown rot fungi,
Although white rot fungi are regarded as lignin-degrading fungi,
they have a preference for hardwoods containing smaller amount of lignin
than softwbOds. It can be assumed that white rot fungi have two types
of enzyme system. The first is involved in breakdown of polysaccharides,
and the second is in the breakdown of lignin. Brown rot- and soft rot
fungi have certainly the first system only, or have the first and the
incomplete system of the second. White rot fungi are regarded as an
advanced group, evolved out of a primitive group which lacks extracellu-
97)lar oxidase and prefers softwoods to hardwoods . If the second system
which is associated with lignin degradation is developed gradually in
the course of evolution, this system may be still minor for the survival
of white rot fungi in the natural habitat compared with the first system.
Fukuda and Haraguchi48 ) and Kirk et al. 72 ) presented that the lignin-
degradaing ability of white rot fungi is an effective means to gain
access to the cellulose in lignified cell wall but does not serve effec.
tively to metabolize lignin itself as energy- and nutrient sources.
According to this theory, removal of lignin from cell wall may facili-
tate the action of cellulolytic enzyme system in the attack of softwoods
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by white rot fungi. Such an accelerative effect was found here for the
two softwoods exposed to the white rot fungi used.
Brown rot fungi have a limited ability to degrade lignin, although
they are associated most frequently with the decay of softwoods contain-
ing higher amount of lignin than hardwoods. However, delignification
treatment of softwoods had no effect on the wood-attacking ability of
f . d . 76) h 1 . fthe brown rot ung1 use. Koen1gs found t at ow concentrat10ns 0
++H202 and Fe caused rapid weight loss of sweetgum (Liquidamber Bty-
racij1ua) and loblolly pine (Pinus taeda) and that the degree of poly-
merization of cellulose in treated woods decreased rapidly at low weight
loss and then diminished gradually.
d d b b f · 33)woo create y rown rot ung1 .
This effect was similar to that in
Out of this fact and the evidence
with production of H202 from native substrates in wood by brown rot
fungi 77 ) , he proposed that these fungi might attack cellulose and partly
++decay wood via an H202-Fe system. This suggests that brown rot is dif-
ferentiated from white rot and soft rot by the rather oxidative system
for the decomposition of cellulose in wood.
Acceleration of attacking capacity on softwoods by delignification
¥as evidenced in both soft rot- and white rot fungi, but acceleration
~attern varied apparently with wood and fungal species. It can be con-
~idered, therefore, that in the rapid and shorter acceleration (P. densi-
f10ra vs. c. globosum and C. japonica vs. C. versicolor) a modification
of lignin may play an important role, and that a removal of lignin may
act as a main agent in the slow and longer acceleration (P. denaif!ora
vs. C. versicolor and C. japonica vs. C. globosum). With respect to
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this consideration, it will be necessary to deal with the analyses of
substances remaining in the wood after the chlorite treatment and ex-
posure to fungal attack.
4-3 Summary
Effects of some biological- and chemical treatments of softwoods
(Pinus densif70ra and C~ptomeria japonica) on the wood-decaying capac-
ity of Chaetomium globosum were investigated. For comparison, data are
included on a hardwood, Fagus crenata, and on white rot- and brown rot
fungi. Pre-exposure of woods to 9 Basidiomycotina and I Deuteromycotina
did not facilitate the attack by C. globosum. Lower attacking capacity
of this fungus on softwoods was not accelerated by treatments with both
mild alkali and acid. However, treatment of softwoods with acidified
sodium chlorite was very effective for acceleration of attacking capac-
ity of c. globosum and white rot fungus, Coriolus versicolor, but not
for that of brown rot fungi, Coniophora puteana and SerpuZa Zacrymans.
Acceleration of decay was found in all cases of F. crenata, but the ex-
tent was generally smaller than that for the two softwoods. Acceleration
pattern found in softwoods varied with wood and fungal species. It is
proposed that in the rapid and shorter acceleration (P. densif70ra vs.
C. gZobosum and C. japonica vs. C. versicolor) a modification of lignin
may play an important role, and that a removal of lignin may act as a
main agent in the slow and longer acceleration (P. densif!ora vs. C. ver-
sicolor and C. japonica vs. C. gZobosum).
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CHAPTER 5 SIGNIFICANCE OF LIGNIN IN DECAY RESISTANCE OF
WOOD AGAINST CHAETOMIUM GLOBOSUM
5-1 Removal of lignin from non- and partially delignified woods by C.
123)
globoswn
As has been mentioned in Chapter 4, attacking capacity of soft rot-
and white rot fungi on softwoods was greatly accelerated by the treat-
ment of partial delignification, whereas that of brown rot fungi was not
by such a treatment. Lignin-degrading ability of white rot fungi is
widely known, and is recently regarded as an effective means to gain ac-
11 .. "f" db' . 48,72)cess to the ce ulose 1n 11gn1 1e cell wall y some 1nvestlgators .
Soft rot fungi are similar to brown rot fungi on their lower ability to
degrade lignin, but they do not apparently have a "pre-cellulolytic sys-
tem,,8) , as brown rot fungi do. The system has been evidenced partly by
. 76, 77)
the productlon of H202 but has not been fully characterized.
In this chapter, the pattern of lignin removal from partially de-
lignified woods by a soft rot fungus, Chaetomiwn globosum Kunze(IAM
8059), and a white rot fungus, Conolus versicolor QueI. (PES 1030) , has
been studied on two softwoods, ~nus densij10ra Sieb. et Zucco and CPy-
ptomeria japonica D. Don, and one hardwood, Fagus crenata Blume, with
reference to the different acceleration pattern of wood decay described
in Chapter 4. On the basis of the results obtained, significance o£
lignin in different decay resistance of wood against C. gZobosum" has been




Wood blocks, subjected to the chlorite treatment and fungal attack
(see Chapter 4) , were rated into six to ten groups according to weight
losses caused by chlorite treatment before decay. Weights of respective
groups after each of three treatments (extraction with ethanol-benzene,
delignification and exposure to fungal attack) were calculated from the
weight of each block determined after each treatment. Each group was
separately ground to pass a 40 mesh sieve and throughly air dried.
Lignin determination
The Klason lignin content was determined by the JIS P 8008-1961.
The acid-soluble lignin content was determined on the hydrolysate from
the Klason lignin by the same procedures described in Chapter 4. The
total lignin content was calculated as insoluble Klason lignin plus the
acid-soluble lignin estimated spectrophotometrically.
Results and Discussion
Table 32 shows the loss of weight by chlorite treatmert and fungal
attack of each group for lignin analysis. As described in Chapter 4,
rapid and shorter acceleration of fungal attack characterizes the cases
of P. denBi!7,ora attacked by C. gLobosum and C. japonica by C. versi-
coLor. Slow and longer acceleration characterizes P. densij10ra attacked
by C. ve!'Bicolor and C. japonica by C. globosum. However, in the case
of F. crenata, acceleration was not greater than in the two softwoods,





Table 32. The loss of weight in the samples for lignin analysis caused by
chlorite treatment and exposure to fungal attack.
Pinus densifloY'a C'PJ./ptomena japonioa Fagus oY'enata
Wood Weight loss Weight loss Weight loss Weight loss Weight loss Weight loss
by chlorite by by chlorite by by chlorite by
Fungus
treatment (%) decay (%) treatment (%) decay(%) treatment (%) decay(%)
0* 3.50 0* 0.00 0* 36.50
0.46 24.11 2.53 3.83 2.52 40.45
3.56 34.74 4.50 13.67 3.75 46.70
Chaetomiwn 6.48 36.35 5.28 16.31 10.64 40.62
gl-oboswn 8.70 39.24 7.21 22.93 14.02 41.44
13.61 43.66 7.96 32.21 17.81 54.81
15.41 43.78 11. 37 34.35
18.37 43.64 13.88 45.91
20.29 40.89 16.05 50.53
0* 14.00 0* 11.50 0* 45.50
2.59 18.61 3.48 41. 67 4.17 42.70
3.56 19.91 4.21 41. 32 5.40 45.78
7.58 24.68 7.35 37.20 6.56 48.71
Conol-us 8.49 28.82 10.26 41.23 10.77 56.75
vepsiool-01' 9.45 29.65 10.79 39.67 13.48 52.58
12.35 40.91 11. 31 42.17 15.26 63.97
15.09 36.39 11. 85 40.37
17.00 39.35 12.92 42.92
18.06 32.28 15.06 37.45
All values are expressed on the basis of the weight of extractive-free wood before chlorite
treatment. 0*: Extracted with ethanol-benzene, not treated with sodium chlorite and acetic
acid.
Table 33. Klason and acid-soluble lignin contents of sound woods*.
Lignin content (%)














* An average of the values from three separate Klason hydrolyses
of 0.3 mm thick wood shavings.
Figs. 54-56 show the results with the loss of lignin from each group
of the three wood species subjected to chlorite treatment and fungal at-
tack. Each point is an average of the data from two separate experiments.
Percent of lignin loss is expressed on the basis of the original amount
of lignin in sound wood shown in Table 33. Dotted line on each figure
represents the pattern of lignin removal from 0.3 rom thick shavings of
each wood species during chlorite treatment (see Figs. 46-48). By com~
paring the pattern of li~in r~ovttl -duri~g £h~ite treatment for di£-
P.• . 2)ferent forms of the wood sample of -z..eea maI"'l,ana, Ahlgren and Gon.ng
concluded that the effect of particle size was negligible in the entire
range studied (0.04 to 2.0 rom thick in the longitudinal direction). On
the assumption that size effect is similarly negligible or very weak
between 0.3 mm thick shavings and 5.0 rom blocks used in the present ex-
periment, differences between solid and dotted lines at a certain point
on the ordinate shows a rough estimate of the lignin loss caused by
fungal attack.
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Fig. 54. Decrease of lignin in Pinus densif10ra during chlorite treat-
ment and exposure to fungal attack. Dotted line represents·
the pattern of lignin removal from wood shavings of P. densi-
fZora during chlorite treatment.
group of the three wood species exposed to fungal attack after chlorite
treatment. The ratio was calculated by dividing difference between solid
and dotted lines in Figs. 54-56 by corresponding percent of weight loss
in Table 32. The ratio reaches 1.0 when the lignin and non-lign~ncompo-
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100 • Chaetomium globosum
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Fig. 55. Decrease of lignin in cryptomeria japonica during chlorite
treatment and exposure to fungal attack. Dotted line repre-
sents the pattern of lignin removal from wood shavings of
C. japonica during chlorite treatment.
nents (carbohydrates) are removed at the same relative rates from wood
by fungus.
Figs. 60-62 show the data on the ratio of acid-soluble lignin to
total lignin in each group of the three wood species. The ratio was
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Weight Loss by Chi. Treat ment (°/0)
Fig. 56. Decrease of lignin in Fagus crenata during chlori~treatment
and exposure to fungal attack. Dotted line represents the
pattern of lignin removal from wood shavings of F. c1"ena-ta
during chlorite treatment.
calculated by dividing percent of acid-soluble lignin by percent of
total lignin. Percent of the two kinds of lignin was based.. on the weight
of wood after decay. Dotted line represents the same ratio in wood shav-
ings of each species after chlorite treatment.
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o Coriolus versicolor
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Weight Loss by Chl. Treatment (°/0)
Fig. 57. The ratio of lignin loss to weight loss caused by fungal at-
tack on chlorite treated wood of Pinus densiflora.
o Corio Ius versicolor
eChaetomiurn globosum
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Fig. 58. The ratio of lignin loss to weight loss caused by fungal at-
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Fig. 59. The ratio of lignin loss to weight loss caused by fungal at-
tack on chlorite treated wood of Fagus crenata.
A considerable amount of lignin was removed from P. densij10ra by
C. gZobosum during the first 0.46 % of weight loss by chlorite treatment
(Fig. 54) and the ratio of lignin loss to weight loss was highest at
this stage (Fig. 57). Removal of lignin from P. densij10ra by C. versi-
coZor was slower than by C. gZobosum throughout all the stages. That
partly reflected the lower acceleration of wood decay by the former.
However, the ratio of lignin loss to weight loss for C. versicoZor was
also smaller than for C. gZobosum at every stage of delignification with
an exception at 0 % of weight loss (non-chlorite treatment). On the
other hand, the ratio of acid-soluble lignin to total lignin for C. ver-
sicoZor was always larger than for C. gZobosum (Fig. 60), which suggests
that solubilized lignin derived from insoluble Klason lignin was con-
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Fig. 60. The ratio of acid-soluble lignin to total lignin in Pinus
densif10ra after chlorite treatment and exposure to fungal
attack. Dotted line represents the pattern of accumlation
of acid-soluble lignin in wood shavings of P. densiflora
during chlorite treatment.
centrated because of the lesser action of C. versicolor on this sub-
stance.
In the case of C. japonica, the pattern of lignin removal was near-
ly reverse for the two fungi. During the first 3.48 % of weight loss
by delignification, large amount of lignin was removed by C. versicolor
(Fig. 55). The slower rate of lignin removal by C. globosum was coin-
cident with the slower acceleration of wood decay by the fungus. The
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Fig. 61. The ratio of acid-soluble lignin to total lignin in Crypto-
meria japonica after chlorite treatment and exposure to fungal
attack. Dotted line represents the pattern of accumlation of
acid-soluble lignin in wood shavings of C. japonica during
chlorite treatment.
mum level at about 4 % of weight loss by delignification (Fig. 58).
The ratio for C. globosum reached maximum level at about 7 , of weight
losS, and was always smaller than for C. versicolor. The ratio of acid-
soluble lignin for C. globosum was smaller than that for C. versicolor
in a range of over 10 % of weight loss, and that for non-decayed wood
shavings at greater extent of weight loss (Figs. 60 and 61). This sug-
gests that the acid-soluble lignin was rapidly depleted by C. gZOb08urn
at these stages.
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Fig. 62. The ratio of acid-soluble lignin to total lignin in Fagus cre-
nata after chlorite treatment and exposure to fungal attack.
Dotted line represents the pattern of accumlation of acid-
soluble lignin in wood shavings of F. crenata during chlorite
treatment.
delignified softwoods by C. versicolor (Table 32), no removal of lignin
was detected (Figs. 54 and 55). As shown in Figs. 60 and 61, the ratio
of acid-soluble lignin for C. versicolor was nearly equal to the sound
wood. These results assume that the lignin remaining in non-delignified
softwoods is mostly unaltered. This suggestion extends to the cases of
the two non-delignified softwoods exposed to C. globosum. It is well
known that white rot fungi metabolize all the major constituents of
lignified cell walls - the cellulose, hemicelluloses and lignin. How-
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ever, various species of white rot fungi differ in relative rates at
70)
which they remove the major componets Sometimes a distinction is
acters.
made between white rot fungi and simultaneous rot fungi. The former
decompose wood successively, beginning with lignin and hemicelluloses
and deteriorating the cellulose only at a later stage, while the latter
f ,. f' d 1 . I 1 61)decompose all substances 0 the 11gnl le ce 1 wall Slmu taneous y •
Differences between the two types have been found by fluorescense micro-
5) d d' 53,86,92,133)
scopy and chemical investigations of wall egra atlon .
However, it seems that these differences occasionally fluctuate with
wood species5 ) and that these types are not phylogenetically fixed char-
. 109)Selfert , in the analysis of chemical changes during decay
processes, considered that white rot and simultaneous rot are synony-
mous. A white rot fungus, C. versicolor, used in this investigation,
is often recognized as an example of a group which removes the three
. . 1 . 1 1 33,65)
maJor components approxlmate y Slmu taneous y . As shown in Table
32, Fig. 56 and Fig. 59, loss of lignin and the ratio of lignin loss to
weight loss in non-delignified wood of F. erenata attacked by C. versi-
color apparently demonstrate that wood constituents are removed at ap~
proximately the same relative rates. It seems therefore that such a
simultaneous removal of the major constituents occurs only in hardwoods
but a preferential degradation of non-lignin components sometimes occurs
in non-lignified or original softwoods.
The slower rate of lignin removal and the lower ratio of lignin
loss in non-de lignified wood of F. erenata attacked by C. globosum
(Figs. 56 and 59) agreed with the results obtained by Savory and Pinionl05 )
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· 81)
and Lev~ and Preston . Soft rot fungi do not attack softwoods so
rapidly or extensively as they do hardwoods. A large number of white
rot fungi, including C. versicolor and Pyenoporus coccineus, prefer
hardwoods to softwoods. Hence, it is possible to assume that the lignin
in softwoods is more or less hindrance in both types of wood-decaying
fungi. Of the two types of acceleration pattern of decay observed in
the two softwoods, the rapid and shorter acceleration was accompanied
with the rapid rate of lignin removal and the higher ratio of lignin
loss to weight loss during first stage of delignification. In such a
case, hindrance by lignin may be rather qualitative than quantitative,
so that a certain modification of lignin which was caused by the chlo-
rite treatment for a short time seems to act as a trigger for succeed-
ing degradation of the modified lignin. On the other hand, the slow and
longer acceleration of decay was accompanied with slow or poor overall
removal of lignin. In the case of P. densiflora attacked by C. versi-
coZor, the lignin was removed at apparently slower rate than non-lignin
components, and removal or modification of lignin acts largely for fa-
cilitating to gain access to the carbohydrates. In such a case, hin-
drance by lignin may act rather quantitatively. In the case of C. japo-
nica attacked by C. gZobosum, however, hindrance by lignin may be rather
qualitative at least during the first 7 % of weight loss by delignifi-
cation, since the ratio of lignin loss to weight loss increased in pro-
portion to the extent of de lignification and reached the maximum level
at about 7 % of weight loss. This suggests that the lignin is a greater
qualitative hundrance in C. gZobosum for C. japonicQ than for P. densi-
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flora.
Although F. crenata is highly susceptible to both fungi, the rate
of lignin removal and the ratio of lignin loss to weight loss were al-
ways slower and smaller in C. gZobosum than in C. versicoZor. If it is
assumed that the lignin is also hindrance in both fungi even in this
easily attackable hardwood, removal of lignin by chlorite treatment may
help both fungi for reducing the hindrance. This hindrance-reducing
system may be less operative as the amount of lignin decreases. This
was confirmed in C. versicolor by the constant decrease in the ratio of
lignin loss to weight loss but not in C. gZobosum (Fig. 59). In F. cre-
nata attacked by C. gZobosum, the poor removal of lignin and the lower
ratio of lignin loss to weight loss were demonstrated throughout the
stages. From the results, it can be considered that the lignin is not
hindrance in C. gZobosum in F. crenata and removal of lignin by chlorite
treatment is less helpful for attack on the wood by the fungus.
In the investigations on the chemical changes of wood caused by
wood-decaying fungi, lignin is analysed mostly by the sulfuric acid
method and determined as insoluble Klason lignin. Acid-soluble lignin
is scaecely determined and mostly included among other materials than
major wood components. 42)Eslyn et al. demonstrated that the other mate-
ri~ls considerably increased in proportion to the increase of weight
loss. The amount of insoluble lignin is small in original sound woods
(Table 33) but. becomes increasingly large within a limited range of de-
lignification and fungal attack. Soluble lignin is mostly regarded as
the degraded or modified lignin caused by the chlorite treatment and
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fungal attack. Therefore, the estimation should be made on determination
of total lignin (insoluble Klason lignin plus the ultraviolet-estimated
acid-soluble lignin) rather than that of insoluble Klason lignin only
to obtain the preciser amount of lignin remaining in decayed wood, al-
though the estimation by ultraviolet absorption can not be fully accu-
rate.
The greater resistance of softwoods to soft rot attack has been
attributed to a physical blocking of the enzymes by the higher lignin
contentl03). When the extent of acceleration of decay by C. gZobosum
for 44 softwood species subjected to a six-hour delignification was
compared, it was noticeably proportional to the extent of delignification
(see Figs. 41 and 42 in Chapter 4). This seems to support the proposal
of physical blocking action by lignin. However, the acceleration was
often detected at very early stage of delignification. As has been men-
tioned, the pattern of acceleration varied with wood and fungal species.
From these and the results with the {>a-tternof ~ignin removal by soft.
rot- and white rot fungi, it can be concluded that the lignin in soft-
woods is more or less hindrance in both types of wood rot ~ungi. with
respect to a soft rot fungus, C. gZobosum, hindrance by lignin may be
rather qualitative than quantitative, because of the rapid increase of
the ratio of lignin loss to weight loss in both softwoods. For a white
rot fungus, C. vepsiaoZor, however, hindrance by lignin may act quali-
tatively on C. japoniaa but quantitatively on P. densif7ora. Quantita-
tive hindrance is considered simply in terms of a physical blocking of
the cellulolytic enzymes by lignin. Qualitative hindrance Seems to be
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related to the chemical and topochemical natures of lignin and/or the
nature of the lignin-carbohydrate association.
Hardwood lignin contains both guaiacyl and syringyl residues but
. Ill)
softwoods lignin contains guaiacyl resldue only . h d . 95)Mus a an Gorlng
demonstrated by ultraviolet microscopy that the walls of fibres and ray
cells contain mostly syringyl residue, and that the vessel walls and
cell corner regions contain mostly guaiacyl residue. Recently, Kirk et
73) C' 1 . •al. reported that . vers~covor flrstly degraded syringyl-rich lignln
and then guaiacyl-rich lignin in the attack of birch wood (BetuLa aZZe-
ghaniensis), through the progressive action of enzymes from the lumen
surfaces toward the middle lamella. However, such successive degradation
only reflects the distribution of lignin residues in birch wood, and does
not show a greater susceptibility of the syringyl residue and hardwoods
to this fungus. Although softwood lignin contains guaiacyl residue only,
microscopic distribution of the residue in wood tissue and the associ-
ation with carbohydrates probably vary with species at some extent.
The mechanism of lignin degradation has been kn~wn to be largely oxida-
71,74)
tive but it has not been completely understood yet . Knowledge
about the depletion of lignin by soft rot fungi is especially meager~
To define more accurately the significance of lignin in different decay
resistance of wood, a further knowledge of factors varying with wood and
fungal species is needed: such as chemical and topochemical natures af
lignin, the nature of the lignin-carbohydrate association, topochemical
effect of delignification, and fungal enzyme systems involved in break-
down of wood components.
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5-2 summary
The pattern of lignin removal from partially de lignified woods by
a soft rot fungus, Chaetomium globosum Kunze, and a white rot fungus,
Coriolus versiaoZor Quel., has been studied on two softwoods, Pinus densi.
flora Sieb. et Zucco and Cryptomeria japonica D. Don, and one hardwood,
Fagus crenata Blume, with reference to the different acceleration pattern
of wood decay caused by the partial delignification. The rapid and
shorter acceleration, which was observed for the cases of P. densiflora
and C. japonica attacked by C. globosum and C. versicolor, respectively,
was accompanied with the rapid rate of lignin removal and the higher
ratio of lignin loss to weight loss at smaller extent of delignification.
The slow and longer acceleration, for the cases of P. densij10ra and C.
japoniaa attacked by C. versicolor and C. globosum, respectively, was
accompanied with the slow or poor overall removal of lignin. In the
former case, the lignin was removed apparently at slower rate than non-
lignin components, and removal or modification of lignin probably acts
largely for facilitating fungal enzyme systems to gain ac~ess to the
carbohydrates. In the latter case, the ratio of lignin loss to weight
loss increased in proportion to the extent of delignification, and reached
the maximum level at the moderate extent of delignification. In the
case of F. crenata which is highly susceptible to both fungi, the rate
of lignin removal and the ratio of lignin loss to weight loss were al-
ways slower and smaller in C. globosum th~ in C. versicolor. On the
basis of the results obtained, significance of lignin in different decay
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resistance of woods against C. globosum has been discussed, comparing
with the case of C. versicolor.
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CONCLUSION
Characteristics of wood decay by a soft rot fungus, Chaetomium glo-
bosum Kunze have been studied, with reference to the changes in physical-
and chemical properties of wood, carbohydrate utilization by this fungus,
decay resistance of various softwoods and hardwoods, and some factors
concerning about different decay resistance among these woods.
Prior to these studj.es, investigations were made on the effects of
variations in amount of carbon- and nitrogen sources, kind of carbon
sources and size of test blocks, for seeking the cultural conditions
which allow the higher wood-decaying capacity of this fungus. Results
obtained suggest that wood-decaying capacity of this fungus is not ex-
hibited in a nutritional condition which is favorable to brown rot- and
white rot fungi.
It can be seen from the infrared spectral analysis of decayed wood
that C. globosum is more active against hardwood lignin than is a brown
rot fungus used, although preferential depletion of carbohydrates with
little lignin attack has been emphasized as the similarity of soft rot
to brown rot. Rapid decrease of the absorption at 1730 cm- 1 in Fagus
crenata, assigned to the c=o stretching vibration of carboxyl and acetyl
groups in glucuronoxylan, and the rapid utilization of xylose and hard-
wood xylan suggest a possible relation to the greater susceptibility of
hardwoods to soft rot fungi. The ability of c. gZobosum to reduce the
strengths of wood was rated in the middle of brown rot and white rot.
This seems to reflect these degradation patterns of wood constituents
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and the mode of attack on lignified cell wall which is generally charac-
terized by cavity formation in secondary wall.
Decay resistance of various wood species (138 spp. of temperate
hardwoods, 64 spp. of tropical hardwoods and 45 spp. of softwoods)
against C. globosum was estimated with reference to methanol extractives
in wood. With respect to temperate hardwoods, variances of decay resist-
ance among species and families were not so much different from those
for Basidiomycotina reported in the literature. In contrast with the
case of temperate hardwoods, it was generally found that dense and/or
extractive-rich species became more susceptible to decay after treatment
with hot methanol. This was shown more notably in the case of white. rot
fungus, Coriolus versicolor Quel. Very low ability of C. globosum to
degrade softwoods was evidenced for all wood species used. The greater
part of species retained high resistance even after treatment. with hot
methanol. Also C. versicolor could not cause severe weight loss of soft-
woods. However, extractive-rich species were more resistant against
this white rot fungus, and the greater part of these species became less
resistant after extraction with hot methanol. It can be concluded from
these results that the role of extractives in softwoods with higher
resistance against soft rot fungi is generally insignificant.
Effects of some biological- and chemical treatments of softwoods
on the wood-decaying capacity of C. globosum were investigated. Pre-
exposure of softwoods to 9 Basidiomycotina and I Deuteromycotina did not
facilitate attack by C. globosum. Attacking capacity of this fungus on
softwoods was not enhanced by treatments with both mild alkali and acid.
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However, treatment of softwoods with acidified sodium chlorite was very
effective for acceleration of attacking capacity of this fungus. Such
acceleration was found even in the case of lignolytic white rot fungi
but not in the case of brown rot fungi. From the patterns of decay
acceleration and lignin removal by soft rot- and white rot fungi, it can
be concluded that lignin in softwoods is more or less hindrance in both
types of wood rot fungi. with respect to a soft rot fun~s, C. globosum,
the hindrance by lignin may be rather qualitative than quantitative.
However, for a white rot fungus, C. versicoZor, the hindrance may act
either qualitatively or quantitatively varying with wood species exposed.
Quantitative hindrance is considered simply in terms of a physical block-
ing of the cellulolytic enzymes by lignin. Qualitative one seems to be
related to the chemical and topochemical natures of lignin and/or the
nature of the lignin-carbohydrate association, although knowledge of
these natures is not fully available at present. To define more accu-
rately the significance of lignin in differentclecay resistance of wood,
a further knowledge of factors, including these natures, topochemical
effect of delignification and fungal enzyme systems, is needed.
Besides in the way they attack wood, soft rot fungi have a number
of distinctive physiological and ecological characteristics. Exemplified
by C. globosum, they differ from other wood-decaying fungi in the way
they modify the wood chemically and physically, resembling alternatively
white rot fungi and brown rot ones yet behaving peculiarly. As has been
mentioned, soft rot species such as C. globosum can attack hardwoods
more easily than softwoods. However, partial delignification and split-
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ting of the lignin-carbohydrate association, which is, by way of example,
observed in wood cooling towers wetted by chlorine-containing water, will
decrease the resistance of softwoods to soft rot. Similar effects are
produced on wood surfaces by the physical and chemical factors of cli-
mate, and probably promote the initial invasion of soft rot fungi.
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